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REPORT ON THE CALCAREOUS SPONGES OBTAINED 
BY THE SURVEY OF THE CONTINENTAL SHELF 
BORDERING ON JAPAN. 

By 

Sanji Hozawa. 

Biological Institute^ Tdhoku Imperial University^ Sendai^ Japan. 
rWith Plate I and 4 text-figures) 

(Received October 20, 1932) 

The calcareous sponges dealt with in the present report were secured 
by the survey of the continental shelf bordering on Japan. The survey 
was undertaken by the Imperial Fisheries Institute in Tokyo, and was 
carried out during the years from 1922 to 1930. The number of stations 
at each of which the dredging was tried, is very great, reaching 658, and 
they are widely distributed among the seas surrounding Hondo, Shikoku, 
and Kiushiu. 

The specimens of calcareous sponges which have thus far been obtained, 
and which were submitted for examination and report are thirteen in all. 
They represent eight species belonging to five genera and three families. 
Of these eight species, four are identical with those previously known, 
while the remaining four are here described for the first time. 

In view of the richness of the Calcarea fauna in Japanese waters, it 
is a matter for inquiry why the species obtained by this survey are so 
surprisingly few. 

The following is the list of the species. 

Family Homocoelidae Dendy and Row. 

1) Leucosolenia canariensis Michlucho-Maclay. 

2) Leucosolenia . soyo, n. sp. 

Family Heteropiidae Dendy. 

3) Grantessg. intusarticulata Carter. 

4) Amphiute ijimai Hozawa. 

Family Grantiidae Dendy. 

5) Grantia glabra.^ n. sp. 

6) Grantia kujiensis, n. sp. 

7) Leucandra dura Hozawa. 

9) Leucandra yuriagensis, n. sp. 
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I shall next give a list of the stations, showing their position, depth, 
and the specimens obtained at each. 


Station 61. Lat. N. 40° 3' 24''; long. E. 142° 11' 33": 

Off Fudai, Rikiichiu; 

depth 170 Leucmolenia soyoy n. sp. (Spec. No P. 193) 

Station 64. Lat. N. 40° VV BO'''"; long. E. 142° .V 10'''^; 

Off Kuji, Rikuchiu; 


depth 150 m. 


'Leucosolenia canariensis (Spec. No. P. 50) 
[Grantia kujiensis^ n. sp. (Spec. No. P. 52) 


Station 66. Lat. N. 40° 28" 40'"; long. E. 142° 1" 51""; 

Off Hachinohe, Mutsu; 

depth 165 m Leucosolenia canariensis l^Spec. No. P. 32j 

Station 102. Lat. N. 38° 6" 30""; long. E. 141° 11"; 

Off Yuriage, Rikuzen; 

depth 37 m Leucandra yuriagensis, n. sp. (Spec. No. P. 107) 


Station 122. Lat. N. 36° 54" 30""; long. E. 141° 17"; 

Off Shioyazaki, Iwaki; 

depth 161m Grantia glabra, n. sp. (Spec. Nos. P. 78, 192) 


Station 271, Lat. N. 34° 58' 3""; long. E. 139° 35" 20""; 

Off Suno-saki, Awa; 

depth 82 m Grantessa intusarticulata (Spec. No. P. 184) 

Station 278. Lat. N. 34° 42" 50'"; long. E. 138° 30" 30'"; 

Seno-umi, Suruga Bay; 

depth 79 m Amphiute ijirnai (Spec. No. P. 189) 

Station 376. Lat. N. 34° 33" 35""; long. E. 138° 7" 45""; 

Off Omae-zaki, T6t6mi; 

depth 64 m Leucandra dura (Spec No. P. 190) 


Station 600. Lat. N. 38° 33" 37""; long. E, 138° 21" 50""; 

Off Hajiki-zaki, Sado; 

depth 168 m Leucosolenia soyo, n. sp. i,Spec. Nos. P. 186, 188; 

Station 630. Lat. N. 39° 52" 45""; long. E. 139 34'; 

Off Tsuchizaki, Ugo. 

depth 150 m Grantia glabra, n. sp. iSp(‘c. No. P, 19.1; 


Class and Order CALCAREA. 

Family Homocoelidae Bendy and Row. 

Genus LEUCOSOLENIA Bowerbank. 

1. Leucosolenia canariensis (Michlucho-Maclay) 
(PL I, fig, 1) 

Nardoa canariensis, Michlucho-Maclay, 1868, p. 230. 

Nardoa sulphurea, Michlucho-Maclay, 1868, p, 230. 

Nardoa rubra Michlitcho-Maclay, 1868, p. 230. 
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Torroma cananense^ Haeckel, 1870. p. 244. 

Torroma rubrum, Haeckel, 1870, p. 245. 

Ascaltis canariensis, Haeckel, 1872, p. 52, PL 9, figs. i~3: PL 10, figs. 1, a-c. 

Ascaltis compacta, Schuffner, 1877, p. 404, PL 25 fig. 9. 

Leucosolenia nanseni, Breitfuss, 1896, p. 427; 1898, p. 106, PL 12, figs. 1-9, 

Leucosolenia canariensis, Lakschewitsch, 1886, p. 300. PI, 7, fig. 1; Thacker, 1908, p. 

762, PL 40, fig. 3, text-figs. 157-160; DENOYand Row, 1913, p. 724; Hozawa, 
1918, p. 528. 

There are in the collection two specimens of this sponge. The first 
(Spec. No. P. 50 ; PI. I, fig. 1) was secured at Station 62 (Lat. N. 40° 
14' 50", long. E. 142° 05' 10") at a depth of 150 m. 

The sponge forms an irregularly shaped massive colony composed 
of Ascon-tubes branching and anastomosing in a very complex manner. 
It grows vertically upwards, being attached to the substratum by a small 
number of processes at the base. The colony is more or less flattened 
from side to side, the surface even showing no irregular ridges and depres- 
sions at all, and, moreover, many very small conical papillae formed by 
the union of Ascon-tubes each of which is without any distinct osculum 
at its summit are scattered over it. The height of the specimen is about 
70 mm., the greatest breadth about 30 mm., and the greatest thickness about 
18 mm. The pseudoderm, which is formed by the outer Ascon-tubes is 
perforated by numerous pseudopores ; they are irregularly rounded or oval 
in shape, and measure about 1 mm. in maximum diameter. 

The second specimen (Spec. No. P. 32) which was obtained at Station 
66 (Lat. N. 40° 28' 40", long, E. 142° 01' 51") from a depth of 165 m. 
is much smaller than the first. It is irregularly shaped, measures about 
23 mm. in height, about 17 mm. in the greatest breadth, and about 10 mm. 
in the greatest thickness. The pseudopores are rather wide compared with 
those of the first specimen, and attain 2 mm. in maximum diameter. 

The texture is fairly rigid in the outer part of the colony but is rather 
delicate in the interior. The colour turns greyish-white in alcohol. 

Structure. — The canal system of this species seems to agree well with 
that proposed as type B by Dendy'^ But, as stated above, the absence 
of true oscula leading directly into a space lined by collared cells and 
formed by the union of Ascon-tubes indicates a lipostomous condition. 

The skeleton of the walls of the Ascon-tubes is mainly composed of 
triradiates arranged in several but not many layers in an irregular manner, 
and there may be added a small number of quadriradiates with their 
apical rays projecting into the cavity of the Ascon-tubes. The spicules 


’^Dendy, 1891, pp. 27, 28. 
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which occur in the wall of the outer Ascon-tubes are, more or less, stouter 
and are more closely set than in that of those in the interior of the colony. 

Spicules. — Triradiates regular with rays rather slender, straight, usually 
rather bluntly-pointed, 1 00-1 30/^ long, 8~'I2/^ thick al base. 

Quadiiradiates similar to triradiates exce[)t in the pr(\s(mc(' ol th<^ api(‘al 
ray. The apical ray which projects at right angl(\s from th(' c(mlr<^ of 
the facial rays is nearly straight in basal parts but ratlua* curv(‘d in 
the apical, terminating in a very line point. lli<‘ apical I'ay is slightly 
shorter and much narrower than the facial rays, 80- 100 long about 6 /j? 
thick at base. 

Localities . — Canary Islands (MtCHLUcaio-MACLAY) ; Cape Verde Islands 
(Thacker) ; Mauritus (Schufpnkr) ; Minorcxi (Lakschewitsm) ; Spitzbei-gcai, 
Arctic Ocean (Breitfuss) ; off the north i>oint of Capper Island, ('om- 
mandcr Islands (Hozawa). 

Remarks : — This species was first d(is(u*ihed by MiCitrucHO-MAClAY as 
having been found in 1868 on the (least of Lanzerote, Canary Islands. 
Since that time it has been reported by sevcu-al invcstigatc»i‘s such as 
Haeckel (1870, 1872), Schuffneh (1877), Breitfuss (1896, 1898), Lak- 
SCHEWITSCH (1886), Dendy and Row (1913), etc, the specimens being 
obtained from various parts of the world. In 1908 Thacker gavc^ a full 
account discussing the synonymy and the affinities of this species. 

In 1918 I reported this species as found in the Commanders Islands 
in Kamchatka, and I am now able to report the same species as having 
been found in Japanese waters. 

Judging by the facts above mentioned, the pi*esent species seems to 
be widely distributed all over the world, and may thus he considered to 
be cosmopolitan. 


2. Leucosolenia soyo, n. sp. 

rpi I, 2; text -fig, I > 

Of this species there exist three specimens in the collection. 

The first specimen (Spec. No. P. 188 ; PI. I, fig. 2) was obtained at 
Station 600 (Lat. N. 38° 33' 37", long. E. 138° 21 ' 50") at a depth of 
168 m. 

The sponge forms irregularly-shaped lobose masses, conspicuously flat- 
tened from side to side, and attached by root-like processes to foreign 
objects. Judging by its general appeai-ance, as well as by the existence 
of two pseudoscula, it seems to have consisted originally of two colonies 
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fused at two points in the basal parts. The greatest breadth of the entire 

specimen is about 30 mm., and the greatest height about 20 mm. while 

the thickness is about 3 mm. The pseudopores are thickly and fairly 
evenly distributed in the pseudoderm, varying in size up to about 0.3 mm. 
in diametei‘, and mostly of oval shape. 

The second specimen (Spec. No. P, 186), which came from the same 
station as the first, is represented by only a fragment measuring 15 mm. 
long and about 6 mm. broad. 

The third specimen (Spec. No. P. 193) was obtained at Station 61 

(Lat. N. 40^ 03' 21", long E. 142° 11' 33") at a depth of 170 m. 

It is irregularly ovoid in shape, and is more or less laterally compressed. 
The surface is not even, showing ridges and depressions. The lower parts 
which seem to be attached to the substratum are torn off in this case. 
The specimen is about 15 mm. long and about 13 mm. broad, while its 
greatest thickness is about 5 mm. 

A single pseudosculum which opens at the top of the sponge is very 
irregularly formed, and is surrounded by a thin membranous margin. It 
measures about 3 mm. in maximum diameter. 

The pseudoderm, which covers the general surface of the sponge, is 
perforated by numerous thickly distributed pseudopores of oval or circular 
shape with a diameter of 0.15-0.4 mm. The following description is 
based on the first specimen, which is taken as the type. 

Structure. — The canal system belongs to Dendy's type though it 
may not be quite typical. 

The pseudogaster opening above by the pseudosculum is very capacious 
spreading into the interior of the entire specimen. 

The membrane which lines the pseudogaster is penetrated by the 
exhalant openings of the Ascon-tubes, each of these openings leading either 
into the gastral cavity of a single Ascon-tube, or into two or three of 
these tubes. 

The pseudopores distributed on the pseudoderm lead into interspaces 
between the Ascon-tubes. These interspaces are wide and nearly straight, 
and continue right up to the lining membrane of the pseudogaster almost 
without diminishing in size. 

The Ascon-tubes are said to be arranged radially round the central 
pseudogaster though not in a i^egular manner and lie close to one another, 
but the anastomosis does not seem to occur. Proximally they communicate 


O Bendy, 1891 , pp. 27 , 30 - 32 . 
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with the pseudogaster and terminate distally and blindly. Thus, they lorm 
the wall of the sponge and their blind ends are set in coniad with one" 
another, and are protected !)y special spi(‘ules, forming the outer siirfa(*(' 
of the sponge. 

The skeleton of the pscudoderm, consists of large triradiat(\s, vvlnVh 
are densely arranged in a few layer‘s leaving s|)aees of angular outline 
for pseudopores. Thc^ walls of the Aseon-lubes are made up of an admix- 
ture of triradiates and quadriradiats. They are arranged in a thin confused 
layer, and the apical rays of the latter kind of spicuk* project into the* 
gastral cavity. Triradiates are more numerous than (juadriradiates. Tht^ 
lining membrane of the pseudogaster is composed mainly of tiiradiatc's 
disposed in a thin confused layer, and there may be added a small number 
of quadriradiates with their apical rays protruding into the pseudogaster. 

Spicules (Text-fig. 1). — Triradiates of the pseudoderm (a) rc^gular or 
subregular. All rays are generally straight, but are some-times more oi* 
less irregular in outline, being 160-190// long and 14“‘18// thick at thc^ 
base. 



Text-fig. 1. Leucosolenia soyo, n. sp. 

a, Triradiates of the pseudoderm. b, Trii’adiates of Ascon-tubes. c, Quadri radiate 
of the same, d, Triradiate of the lining membrane of pseudogaster. (All x2()0). 

Triradiates of Ascon-tubes (b) regular or subregiilar with rays straight 
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and gradually sharply pointed, 100-120 long and 8-10 thick at the 
base. 

Quadriradiates of Ascon-tubes (c) exactly the same as triradiates of 
the same save for the presence of an apical ray. The apical ray is slightly 
shorter and much thinner than the facial rays. It is almost straight, and 
stands vertically at the centre of the facial rays, being about 80 !i long 
by 4 thick. 

Triradiates of the lining membrane of pseudogaster (d) regular. They 
are nearly similar to triradiates of the Ascon-tubes but on the whole larger, 
the rays reaching as much as 160/^ in length. 

Quadriradiates of the lining membrane of the pseudogaster are exactly 
similar to triradiates of the same membrane, except for the presence of 
a fine apical ray. 

Localities, — Off Fudai, Rikuchiu (St. 61, Lat. N. 40° 3' 24'', long. E. 
142° ir 33") ; Near Sado Island (St. 600, Lat. N. 38° 33' 37", long. E. 
138° 21' 50"). 

Remarks, — In the external features and canal system, this species closely 
resembles Leucosolenia amitsbo Hozawa*^ obtained from the Sagami Sea, 
Japan, but it may be easily distinguished from the latter by the character 
of the spicules. In the present species the triradiates forming the skeleton 
of the pseudoderm are much smaller than those of L. amitsbo, and ' are 
more thickly distributed. The meshes which are formed by these spicules 
for inhalant water are circular or oval with a smooth margin, while in 
L, amitsbo they are surrounded by an angular margin. The tri- and 
quadriradiates of the lining membrane of the pseudogaster have their rays 
distinctly shorter than those of the same membrane in L. amitsbo. 

The difference in size between the pseudodermal triradiates and tri- 
radiates of Ascon-tubes is not so marked in the present species as in the 
case of L. amitsbo. 


Family Heteropiidae Dendy. 

Genus GRANTESSA VON Lenbenfeld. 

3. Grantessa intusarticulata (Carter). 

(PL I, fig. 3). 

Hypograntia intusarticulata. Carter 1886, p. 45. 

Hypograntia medioarticulata. Carter 1886, p. 46. 

Grantessa intusarticulata, Dendy, 1892, p. 108; 1893, pp. 181, 201, PL XIII, fig. 18; 
0 Leucosolenia amitsbo, Hozawa, 1929, pp- 283— 285, PL XII, figs. 3, 4; Text-fig. 2. 
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Dendy and Row, 1913, p. 753; Hozawa, 1916, p. 31*, PL I, L L); PL 
11 13, Text-6ff. 3; 1929 p. 313; Brc^ndsted, 1926, p. 308: Row and 

Hoxawa, 1932, p. 775. 

Grantia intusarticulata , Breitfctss, 1897, p, 219. 

This species is represented in the collection by a siuKle specinuni (Spec. 
No. P. 184; PI I, fig, 3) obtained from the Sagaini S(ui at Station 271 
(Lat. N. 34'^ 58' 3", long. E. 139“ 35' 20"; depth 82 m.). 

It is a solitary tubular individual more or less irregular in contour, Ixnng 
broad near the attachment base and gradually narrowing towards ih(^ 
terminal osculum. It measures about 30 mm. in total length and 15 mm. 
in the greatest breadth. The thickness of the wall is about 1 mm. and 
the osculum measures about 5 mm. in maximum diameter. 

With respect to the minor structure, i.e. canal system, skeleton and 
spiciilation, it has been fully recorded by Carter, Dendv, Br^ndsted 
and myself, and thus it may be considered that no furtlier details ar(' 
needed here. 

Localities. — Near Port Phillip Heads (Carter, Dendy) ; Watson’s Bay, 
Port Jackson (Dendy) ; Island Bay, Wellington, N. Z. (Br^ndstkd) ; 
Geraldton District, S. W. Australia (Row and Hozawa) ; Misaki, Doketsha 
(Hqzawa) ; off Sunosaki, Sagami Sea. 

Remarks. — ^This species was first described by Carter (1886) as found 
in Australia, and, afterwards, it has been reported by Dendy (1892) and 
by Row and Hozawa (1931) as found in the same locality and by Br0nd- 
sted as found in New Zealand (1926), 

In 1916 I reported this species from Misaki and Doketsha in the Sagami 
Sea, and this is the second case of the species being recorded as found 
in the sea of Japan, The specimen dealt with in the present paper was 
obtained off Sunosaki in the Sagami Sea. 

Judging from its occurrence in Australia, New Zealand, and Japan, 
this species seems to be widely distributed. 

Genus amphiute HANrrsCH. 

4. Amphiute ijimai Hozawa. 

(PL I, fig. 4) 

Amphiute ijimai , Hozawa, 1916, pp. 33-38, PL I, fig. 9; PL II, fig. 17; Text-fig. 7; 
1929, p. 313. 

In the collection there is only a single specimen (Spec. No. P. 189, PL 
I, fig. 4) which was secured at Seno-umi in Suruga Bay (Station 278, 
Lat. N. 32^ 42' 50", long. E. 138^ 30' 30" ; Depth 79 m.) 
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This single sponge is tubular, forcibly compressed laterally and with 
the basal parts torn off. The total length is about 55 mm. and the breadth 
near the lower end is about 27 mm. The breadth gradually diminishes 
towards the upper end, where an oval osculum of about 10 mm. maximum 
diameter opens. The wall is about 1 mm. thick in the lower parts but, 
becmnes gradually thinner towards the osculum which is surrounded by a 
thin margin. The gastral cavity is very capacious, extending through the 
entire specimen. 

The colour of the specimen under consideration is grey and looks very 
dirty owing to the fine sand attached to the sponge-surface. 

In the other external features as well as in the minor structure of the 
interior the present specimen conforms very well to the type. Hence, it 
is considered that no further details need to be added here. 

Localities, — Doketsba, Sagami Sea (Hozawa) ; Seno-umi, Suruga Bay 
(St. 278. Lat. N. 34° 42' 50"; long E. 138° 30' 30"). 

Remarks . — The genus Amphiute is characterized by the possession of 
colossal longitudinal oxea in both dermal and gastral cortices, in addition 
to the presence of subdermal pseudosagittal triradiates. At present this 
genus is represented by two species only i.e. A. paulini and A. ijimai. 
The first species which constitutes the type of the genus was described 
by Hanitsch having been obtained on the west coast of Portugal, while 
A. ijimai from Japan, was described and figured by myself the specimen 
having been secured at Doketsba in the Sagami Sea. 

The present record reports the occurrence of A. ijimai in Japan for 
the second time and on this occasion the specimen was obtained at Seno- 
umi in Suruga Bay, which lies west of Sagami Sea, being separated from 
the latter by the Izu Peninsula. 

Family Qrantiidae Dendy. 

Genus GRANTIA Fleming. 

5. Grantia glabra, n. sp. 

(PI. I, fig. 5; text-fig, 2). 

Three specimens of this species exist in the collection. 

The first (Spec. No. P. 191 ; PL I, fig. 5), which is the largest, was 
obtained off Tsuchizaki, Ugo (St. 630. Lat. N. 39° 52' 45", long. E. 139° 
34') at a depth of 150 m. 

, The sponge represents a single type of a slightly laterally compressed 
tubular form, gradually narrowing towards the attachment base and showing 
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at the upper end an oval osculum, which is surrounded by a ka^bly devci- 
loped collcir. The dermal surface is smooth without any projecting oxca, 
while the gastral is distinctly echinated by the proj(a‘ting apical ray of 
the gastral quadriradiates. It is 21mm. long, and about 1 mm. broad 
near the distal end. The sponge wall is about 0.7 mm. thick. 1 he os<*ulum 
is cibout 1 mm. in maximum diameter. 

The (‘olour is greyish white, and the texture is lairly rigid. 

The second and third specimens (Spec. Nos. 78 and 192) seciax'd oil 
Shioyazaki, Iwaki (St. 122. Lat. N, 36“ 54/ 30'k long. K. 111“ 17'; depth 
161. m.) are much smaller than the first but as i*egards the micros<‘opical 
structure they are absolutely identical. 

As the subject of further description 1 select the first specimen. 

Structure. — The canal system is of the syconoid type. The flag(dlat(‘ 
chambers are of an elongated sac-like shape, measuring about 500 in 
length and about 150 in diameter. They are usually simple without 
giving off any branches. 

The dermal skeleton is composed of triradiates, which are tangentially 
but confusedly arranged in several layers. The tubar* skeleton which is 
made up chiefly of triradiates is of the many-jointed articulate tyt)e. Here 
may be added the basal rays of the subgastral quadriradiates with apical 
rays projecting into the apopyle. The gastr<d skeleton forms a thin layer 
consisting mainly of gastral quadriradiates, of which the basal ray generally 
points towards the base, and the apical ray projects into the gastral cavity 
in oblique inclination towards the osculum. The oscular margin is composed 
chiefly of quadriradiates, with their bascil ray running longitudinally and 
parallel with one another and the paired rays very strongly diverging. The 
apical ray is much shorter than that of the gastral quadriradiates. 

Spicules (Texbfig, 2). Dermal triradiates (a) slightly sagittal with 
paired rays slightly longer than basal ray. All rays are of equal thk’kness 
and taper from base to sharp point. Basal ray straight, being 7()“15t)// 
long by 14-20/^ thick. Paired rays slightly curved forwards, being 1 10- 170/^ 
long by 14-20/^ thick. 

Tubar triradiates (b) sagittal. Basal ray quite straight, longer and 
slightly thinner than paired rays, gradually tapering and sharply pointed, 
being about 170 long by 12 thick at the base. Paired rays widely 
divergent, and curved round the flagellate chamber, rather ii'regular in 
outline, and about 120 /i long by 12 /i thick. 

Subgastral quadriradiates (c) strongly sagittal Basal ray straight, 
standing vertically to the plaint formed by the apical and paired rays, and 
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much longer than these rays, being about 210/^ long and about 10 fi thick 
at the base. Paired rays widely diverging and slightly curved, and about 
70 long by 10 thick. Apical ray short slightly curved and, moreover, 
in most cases crooked, broad at the base, and very finely pointed at the 
end, being about 30 long and about 6 /i thick at the base. 



a, Dei’mal triradiates, b, Tubar triradiates. c, Subgastral quadriradiate, c'', The same, 
facial view, d, Gastral quadriradiate. e, Quadriradiate of the oscular margin. 

(All x200\ 


Gastral quadriradiates (d) sagittal. Basal ray much longer than paired 
rays, quite straight, tapering from base to the sharp point, being about 
250 /-« long and about 8 thick at the base. Paired rays almost straight, 
nearly equal or slightly differentiated in length, somewhat thicker than 
the basal ray, gradually tapering, sharply pointed, being about 120 long 
and about 10 thick at the base. Apical ray fairly well developed, longer 
than paired rays, slightly curved upwards and sharply pointed, measuring 
up to 150 /i in length by about 8 thick at the base. 

Quadriradiates of oscular margin strongly sagittal. Basal ray straight, 
nearly uniformly thick for the greater part of- its length, sharply pointed, 
being about 200 long and 10 thick at the base. Paired rays distinctly 
shorter and thicker than basal ray, slightly curved backwards, very strongly 
diverging, nearly uniformly thick for the greater part of their length, and 
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ending in an obtuse point. Apical ray much shorter than either l)asa! or 
paired rays, being slightly curved and very sharply pointed and ditanded 
upwards. 

Localities . — Off Tsuchizaki, Ugo (St. 630. Lat. N. 3!)" 52' 15", long. 
K. 139° 34/); off Shioyazaki, hvaki (Si. 122. Lai. N. 3()° 51' 30', long. 
E. 141“ 170- 

Remarks . — This species may easily dislinguished (rom most nK‘mb(a*s 
of the genus Grantia by the absence of oxeote spkailes of any kind. It 
is closley related to Grantia Lambk’^ Irom Davis Strait bctwinm 

Canada and Greenland. The present species corresponds witli that speci(\s 
in external form and general anatomy, and in the absenc.e of oxea ol any 
kind, but it can be distinguished from the latter chiefly by the absemee 
of gastral trirad iates, by the presence of subgastral (luadriradiatcs, by the 
character of the dermal triradiates, which have gre^ater dimensions in 
comparison with the other spicules. 

6. Grantia kujiensis, n. sj). 

I PI. T, lig. 6; 3j 

Only a single specimen of this species is found in lh(^ collection (SpcH*. 
No. P. 52, PI. I, fig, 6). 

It was obtained at Station 64 (Lat. N. 10“ 14' 50", long. K. 142“ 5' 
10") at a depth of 150 m. 

The wsponge represents a solitary person of an oval form, narrowing towards 
the attachment base, and showing near the ui)per end an irregularly oval 
osculum about 2 mm. in diameter. The dermcil surface is faiily hispid on 
account of the projecting oxea. The gastral surface looks nearly smooth 
to the naked eye, though it is punctated by minute exhalant apeadunis 
uniformly distributed. The gastral cavity is fairly large, l)ut is trav<a*sed 
by the ingrowth of the gastral layer which forms an irregular m(\sliwork. 

The colour in alcohol is greyish white and the texture^ is fairly firm 
and elastic. 

The specimen is about 12 mm. in length and 8 mm. broad in the 
broadest part. The sponge wall is about 1 mm. thick. 

Structure. ““The canal system is syconoid. The flagellated (chambers 
are cylindrical, and usually not branched, measuring about 500 /i long by 
150 /i thick. The dermal skeleton is weakly developed, and is scarcely 
distinguishable from the tubar skeleton. It is composed of triradiates 

Grantia invenusuta, Lambe, 1900, p. 32, PL VI, figs. 14, lia™f. 
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disposed irregularly in a small number of layers. The large oxea are 
placed at varying angles to the dermal surface, with their distal ends freely 
projecting on it, and with their proximal ends deeply intruding into the 
chamber layer. The tubar skeleton is of an articulate, though not very 
typical type, and is composed of triradiates in several rather confused 
layers. In the subgastral position there sometimes occur a small number 
of quadriradiates with their basal ray intruding into the chamber layer and 
with the apical ray projecting into the apopyle. 

The gastral skeleton is made up of triradiates and quadriradiates, which 
are arranged tangentially in several but not numerous layers with the 
apical rays of the quadriradiates projecting into the gastral cavity. The 
skeleton of the meshwork, which is formed by the ingrowth of the gastral 
layer, and traverses the gastral cavity is composed of triradiates and 
quadriradiates exactly like those of the gastral skeleton. As regards the 
skeleton of the oscular margin, we have not noticed any peculiarities to 
be mentioned. 

Spicules (Text-fig. 3). — Dermal triradiates (a) slightly sagittal, and the 
oral angle is slightly wider than the paired angles. Basal ray nearly 
straight, slightly longer than paired rays, being 100-130 long and 12- 
16 thick at the base. Paired rays subequal in length, generally straight 
with the exception on of a slight curvature near the base, gradually taper- 
ing and sharply pointed, being 80-110 // long and 12-16 thick at the 
base. 

Tubar triradiates (b) almost like the dermal triradiates, but, on the 
whole, they have a wider oral angle and more slender rays than the latter. 
Basal ray is 110-130 />? long by 10-12 thick, and the paired rays are 
70-90 long and 10-12 fi thick at the base. 

Subgastral quadriradiates (c) nearly similar to the tubar triradiates 
with addition of an apical ray. This ray is much shorter than the facial 
rciys, broad at the base but becoming thinner rather suddenly and ending 
in a very sharp point ; it is about 30 long and 6-8 thick at the base. 

Gastral triradiates (d) sagittal. Basal ray straight slightly longer than 
paired rays, gradually and sharply pointed, being about 180/^ long and 
about 16 /i thick at the base. Pawed rays slightly curved at the base, 
and nearly straight in the remaining part, gradually and sharply pointed ; 
is about 150 long and about 16 thick at the base. 

Gastral quadriradiates (e) similar to gastral triradiates, differing only 
in the presence of apical ray. Apical ray distinctly shorter than facial 
rays, being slightly curved upwards, broad at base and narrowing distally 
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Triradiates and quadriradiates which sustain the ingrowth from the 
gastral layer are almost the same as those forming the gastral skeleton. 

Large oxea projecting from dermal surface (f) spindle-shaped, a little 
irregular in outline, generally broadest at a point nearer proximal than 
distal end, and tapering towards both pointed ends. They are more or 
less curved, and are of very variable length, 0.4-1. 5 mm. long and 25- 
70 fi thick. 

Locality . — Off Kuji, Rikuchiu (St. 64. Lat. N. 40° 14' 50", long. E. 
142° 5' 10"). 

Remarks . — I could not identify this form with any species already 
known, and, thus regarded, it represents a distinct species. Among the 
characteristic features above-mentioned the existence of the ingrowth from 
gastral layer into gastral cavity is most noticeable. 

Genus leucandra Haeckel. 

7. Leucandra dura H6za\va. 

(PI. T, fig. 7). 

Leucandra dura, Hozawa, 1929, pp. 371'-373, PI. XXII, figs. 66-68, text-fig. 33. 

Only a single specimen of this species exists in the collection (Spec. 
No. P. 190; PL I, fig. 7). 

It was collected at Station 376 (Lat. N. 34° 33^ 35", long. E. 138 7' 
45", depth 64 m.) which is situated near 6mae-zaki, Totomi. This sponge 
is in the shape of an irregularly rounded mass with a height of about 
35 mm. and a maximum diameter of about 60 mm. It is broadly attached 
by the under surface, and its upper surface is strongly folded showing 
many lobose protuberances and furrows of various depths. There are four 
oscula, distributed on the upper surface. They are bare and vary in size, 
measuring 1-5 mm. in diameter. 

The other characteristics in external features and in internal anatomy 
are exactly the same as those of the type specimen, and I have already 
given a detailed account on it in my paper mentioned above. 

Localities . — Misaki (Hozawa) ; Off Omae-zaki, Totomi (St. 376. Lat. 
N. 34° 33' 35", long. E. 138° 7' 45", depth 64 m.) 

Remarks . — ^This species was first described by myself in 1929, the type 
specimen being obtained in shallow water in the neighbourhood of the 
Misaki Marine Biological Station. The present report notes the occurrence 
of this species in the sea of Japan for the second time. However, this 
time it was dredged at a depth of 64 m. 
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8. Leucandra yuriagensis, n. s[). 

CPL 1. (ig. 8; ioxl-fig. t) 

The single specimen (Spec. No, P. 107 ; PL 1, (ig. <8), on vvliich this 
species is based, was dredged at a depth ol 115 m. oil Yuriag(\ Rikuzc'n 
(St. 102, Lat. N, 35" 10' 10", long. K. 140'' 36'). 

It is in the form of an irregular cylindrical tul)('. 1 he l)roader hast^ 
is provided with a number of globular processes and depressions, while' 
the upper parts become gradually narrower towards the distal end, wherc^ 
an osculum opens. The total length is about 60 mm. and the brc'adih is 
45 mm. in the broadest part. The wall is thickest in the' basal part, 
measuring about 3 mm., and becomes gradually thinner towards th(' oscailum, 
which is surrounded by a very thin margin. The os<ailum is iiaa'gularly 
elliptical with the greater diameter of about 10 mm. The dc'rmal surlac(' 
looks nearly smooth being without any projecting spicailes, while th<^ gastral 
surface is slightly hispid, and is perforated by a]/ertures of exhalanl canals 
of variable sizes, measuring from 0.3 to 0.8 mm. in diameter. 

The gastral cavity is very spacious, its form conx'sponding to that ol 
the specimen. 

The colour in alcohol is white. The texture is hard and fairly (4asti<\ 

Structure. — The canal system is of the leuconoid type. The flagellate 
chambers are rather thinly distributed in the chamber laycn*, and arc' 
irregularly scattered. They are generally of an oval shape measuring up 
to 70 in the longer diameter. Underneath the dermal c'or’tex thei'e ai'o 
subdermal cavities in fairly uniform distribution, and the inhalant (‘anals 
start from these cavities. The cbambc'r layer is also traversed by exhalanl 
canals varying in thickness. 

The wall of the sponge is supportexl by three distinct skeletal layers, 
namely, a dermal skeleton, a lubar skeleton, and a gastral skeleton. Thc' 
dermal skeleton is rather thin, and is composed of largcj and small Iri- 
radiates placed tangentially in a small numbevr of confused layers. Thc^ 
tubar skeleton, e.x. the skeleton of the chamber layer consists of triradiates, 
which are thickly and irregularly set together. The walls of the larger 
exhalant canals are lined with quadriradiates with the basal ray usually point- 
ing away from the gastral surface, and with the apical ray projecting into 
the canal. The gastral skeleton is nearly equal to the dermal in thickness, 
being fairly well distinguished from that of the chamber layer. It is 
composed of a dense reticulation of tangential tri- and quadriradiates. 
There may be in addition large tangential triradiates thinly distributed 
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and microxea, which are fairly thickly distributed, and which are placed 
tangentially but without any definite orientation. The thin oscular margin 
contains tri- and quadriradiates, both of which are very closely and regu- 
larly set together with the basal ray pointing towards the sponge base, 
and with strongly divergent paired rays. There also occur sometimes a 
small number of large triradiates and microxea. 

Spicules (Text-fig. 4).— -Larger dermal triradiates (a) equiradiate and 
equiangular. All rays straight, gradually and sharply pointed being 410 
1.25 mm. long and 40-130 thick at the base. 

Smaller dermal triradiates (b) slightly sagittal with rays of equal thick- 
ness and disposed slightly convexly towards the outer side. Basal ray 
straight, not strongly differentiated in length from the paired rays; being 
140-400 long and 14-30 thick at the base ; paired rays gently curved 
forwards in greater part of the basal and nearly straight in the distal 
part ; being 100-270 long and 14-30 thick at the base. 

Triradiates of the chamber layer regular or subregular, very large but 
variable in size. They are exactly similar to the larger triradiates found 
in the dermal cortex. 

Quadriradiates of the larger exhalant canals (c, c') sagittal. Basal ray 
straight, sharply pointed, slightly longer and thinner than paired rays; 
being about 420 long and 20 thick at the base. Paired rays more or 
less curved round the exhalant canals, and in facial view, they show a 
double curvature, forwards in the greater part of the basal and slightly 
backwards in remaining parts, it is about 240/^ long and 28/^ thick at 
the base. Apical ray shorter and thinner than facial rays, slightly curved 
and very finely pointed ; it is 50-200 long and about 14 thick at the 
base. 

Larger gastral triradiates regular or sub-regular, exactly similar to those 
of the dermal cortex and of the chamber layer. 

Smaller gastral triradiates (d) strongly sagittal. Rays lying nearly in 
one plane. Basal ray much shorter and slightly thinner than paired rays, 
almost straight and sharply pointed, being 60-180/^ long and 18-20/^ 
thick at the base. Paired rays very widely divergent, slightly curved 
backwards in the greater part of the basal, and nearly straight in remain- 
ing parts, generally more or less irregular in outline, being 230-370/^ 
long and 26-30 /-< thick at the base. 

Gastral quadriradiates (e) exactly similar to the smaller gastral tri- 
radiates except in the presence of an apical ray. This is sharply pointed 
and is slightly curved ; it is 50-110 p long and about 14 p thick at the base. 
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Text-fijj;. k Leucandra yuriagermis, ii. hj). 

a, Larger dermal triradiates. b, Smaller dermal triradiates. c, Quadtdradiatc of the 
larger exhalant canal, The same, facial view, d, Smaller gastral triradiates. e, 
Gastral quadriradiates. f, Triradiates of the oscular margin, g, Gastral microxea. 
(a-f xlOO; g x500). 

Triradiates of the oscular margin (f) strongly sagittal. Basal ray 
straight, finely pointed, generally longer- and sometimes shorter than paired 
rays. Paired rays widely diverging, mostly doubly curved, first backwards 
then forwards ending in a rather bluntly pointed end. They are nearly 
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uniformly thick in their greater length. In an example of the spicule the 
basal ray and paired rays measured respectively 270 fJ- and 260 in length 
by 14/^ and 20/^ thick at the base. 

Quadriradiates of the oscular margin exactly the same as the triradiates 
of it but with a short apical ray. 

Gastral microxea (g) usually slightly curved, broadest in the middle 
parts, and tapering towards both ends, of which one is sharply pointed 
and the other forms a hastate point. The sides of the spicule are provided 
with a number of very fine spines. An example of the spicule measured 
90 />« long and 4 // thick in the broadest parts. 

Locality . — Off Yuriage, Rikuzen (St. 102, Lat. N. 35° 10' 10", long. 
E. 140° 36'). 

Remarks . — In external form as well as in internal features, this new 
species closely resembles Leucandra pacifica Hozawa’^ from Doketsba in 
Sagami Sea. But there are some peculiarities in spiculation, by which 
the present species may be easily distinguished from that species. The 
peculiarities are as follows : 

1) The presence in the present species of gastral sagittal triradiates 
which seem to be entirely wanting in L. pacifica. 

2) In L. pacifica there are slender hair-like oxea projecting from the 
dermal surface. But they are entirely wanting in the present species. 

3) The apical ray of the gastral quadriradiate spicule is more strongly 
developed in L. pacifica than in the present species. 
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EXPLANATION OF PLATE L 

Leucosolenia canariensis Michlucho-Maclay. X 1. 
Leucosolenia soyOj n, sp. X 1. 

Grant essa intusarticulata Carter, XL 
Amphiute ijimai Hozawa. x 1. 

Grantia glabra, n. sp. x3. 

Grantia kujiensis, n. sp. x3. 

Leucandra dura Hozawa. xl. 

Leucandra yuriagensis, n sp. X 1. 
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I. INTRODUCTION. 

The physiological actions of adrenaline have been studied by numerous 
investigators since the classical experiments of Oliver and Schaefer (1895) 
It is generally known that, in mammals, birds, reptils and amphibia 
that adrenaline^ geems to stimulate the sympathetic nerve-endings. These 
effects Elliot ‘'(1905) named the 'sympathomimetic theory’. But this 
theory could not always be applied to the lower vertebrates such as fishes, 
not to invertebrates such as Crustacea and mollusks; for instance, Elliot 
(1912) was unable to obtain any response in the heart of the crayfish, 
and also Hogben (1927) described the same result in the heart of the 
snail. Carlson (1905), on the other hand, stated that adrenaline has an 
excitatory action both on the cardiac ganglion and the myocardium of the 
neurogenic heart of Limulus, and he stated that the action of adrenaline 
on the Lim,ulus heart is identical with that on the mammalian heart, and 
the results on Limulus furnish a clue to the interpretation of the point 
of action of the drug in the vertebrate heart, since the ganglion and 
ganglion-free part of the heart react to adrenaline in the same manner. 
MacDonald (1925) has studied the action of adrenaline on the perfused 
heart of the dog-fish, the phenomena described by him are puzzling ; a 
characteristic preliminary inhibition in the normal rate was followed by 
an increase in the amplitude which was sometimes associated with accelera- 
tion. Hogben and Hobson (1924) described a pronounced increase in 
the tone of the muscle and acceleration of the cardiac rhythm in the crab, 
Maia squinado, tonic contraction of the heart muscle of the Lamellibranch, 
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^ecten, and the crop musculature of the Gastropoda, Aplysia and Polychaeta, 
iphrodite, with dilution of 1 : 50,000 or even smaller quantities. Tsunoda 
1923) stated that the action of adrenaline on the heart of the oyster 

Iways accelerates the auricle ; on the other hand, the effect on the ven- 

ride is inhibitory. Sometimes it is affected acceleratively and sometimes 
t firstly inhibits and then reacts acceleratively. He continued his statement 
hat the effects of adrenaline vary in different individuals, but the (‘oncen- 
ration of adrenaline over 1 : 10,000 always reacts on the heart of the 

)yster. Recently Bain (1929) has reported the following results of the 

iction of adrenaline on the isolated crustacean heart ; adrenaline produces 
i marked acceleration of the rhythm and an increase in the tone of the 
leart-muscle in Maia^ Cancer and Carcinus ; and, in Cancer, in addition 
to the above effects, there is a pronounced increase in the amplitude of 
beats. He continued his experiments and shows that the action of adrena- 
line is not reversible. In the lowest dilution in which it gives ciny effect, 
that effect is excitatory. 

The present investigation attempts to examine the phenomena of the 
isolated heai't of the oyster by adrenaline chloride quantitatively. 

II. MATERIAL AND METHOD. 

The material employed in these experiments was Ostrea circumpicta 
PiLSBRY. The heart is completely isolated from the body ; the method of 
isolation of the heart from the body has been already described and there- 
fore, the reader is referred to my former report regarding this subject 
(1927). 

The isolated heart of the oyster which normally pulsates in sea water 
is transported to various concentrations of adrenaline chloride solution, 
diluted with sea water and the effects are observed by the kymographic 
method. The standard adrenaline chloride used in these experiments is 
diluted to 1 : 1,000 solution. 

III. EXPERIMENTAL RESULTS. 

The heart of the oyster which normally pulsates in sea water is trans- 
ported to the various concentrations of adrenaline chloride, certain effects 
show in certain concentrations. The summarized results are as follows. 

L To 300 c.c. of sea water are added 0.1 c.c., 0.2 c.c. and 0.3 c.c. of 
adrenaline chloride (1 : 1,000) and the effects are observed. In such con- 
centrations, the heart shows no response at all, and pulsates normally. 
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More adrenaline (0.5 c.c.~1.0 c.c.) is added by aid of a pipette. In this 
solution, some individuals respond to it and show an increase in tone of 
muscle and acceleration of the cardiac rhythm, but these phenomena are 
invariable in each individual. Some of them do not respond and pulsate 
normally and are almost indifferent to the drug. 

II. The quantity of adrenaline is increased to 2 c.c.-5 c.c. in 300 c.c. 
sea water. The results are similar to the former one ; some of them 
respond to it and show the increase in tone of muscle and acceleration 
of pulsation, and, on the other hand, some individuals do not respond. 


A. 



B. 



* 

Fig. 1. A. The action of adrenaline on the heart. Temperature 22°C. 

B. The action of adrenaline. Temperature 22°C. 

1 

■^300 c.c. sea water+^jO^ adrenaline chloride 5 c.c. N. S., Normal sea water. 

III. By increasing the quantity of the drug to 10 c.c. in 300 c.c. or 
250 c.c. of sea water, the results are characteristical as stated in regard 
to the heart of Pecten by Hogben and Hobson ; the heart suddenly in- 
creases in tonic contraction, and pulsation becomes very weak and appears 
to stop as in the following figures. 

The phenomenon gradually disappeared and then the tone decreased 
gradually and the pulsation contraction became more vigorous and the 
number of pulsations increased, about five minutes after, the tone and the 
pulsation number became normal. The reaction of the drug to the heart 
of the oyster is reversible. (But the time of recovering varies in different 
individuals). 

IV. The strip of the ventricle also shows a similar response and the 
concentration of the drug to the strip seems lower than for the isolated 
whole heart. The following figure shows the effect on the strip of the 
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A. 



t 

B. 



t 

Fig. 2. The action of adrenaline chloride on the heart, 

A. 250 c.c. sea water + adrenaline chloride lOc.c., showing the heart suddenly 

increases in tonic contraction. 

1 

ventricle ; the solution being 300 c.c. sea water + adrenaline chloride 
1 c.c. But this effective concentration varies in different individuals. 


1 . 



Fig. 3. The action of adrenaline on the strips of ventricle, 


300 c.c. sea water +"J qq^ adrenaline chloride 1 c.c.. 

V. The isolated ventricle and auricle pulsate well in normal sea water 
as stated in my former report. These effects of the drug seem to be 
almost the same as in the other experiments mentioned. There is scarcely 
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any difference between the effects of the drug on the ventricle and auricle. 
Merely the effect of the concentration varies individually, though it apears 
that the auricle is more sensible than the ventricle from the standpoint 
of statistical results. 


A. 



Fig. 4. A. The action of adrenaline chloride on the ventricle alone. 
B- The action of adrenaline chloride on the auricle alone. 


VI. To examine the automaticity of the heart after being treated 
with adrenaline and to ascertain whether or not it is affected by tem- 
perature. This experiment is only a preliminary one. The heart after 

being treated with the following drug solution, 150 c.c., sea water 4-^^^ 

adrenalien chloride 5 c.c., and returned to normal sea water and heated 
gradually with the alcohol lamp and then observed, the pulsation stops 
and initial heat rigor occurs. The results are as in the figure, showing 
scarcely any effects. 



Fig. 5. Effect of temperature after treated with adrenaline and gradually heated 
with alcohol lamp. 
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IV. GENERAL CONSIDERATION. 

These experiments on the effect of adrenaline on the heart of the 
oyster show similar results as these on the heart in other I.amellibranch 
and in crabs and on some musculatures in Polychaeta. 

According to Bain (1929) the effects of adrenaline on the heart of 

the crabs {Maia, Cancer, Carcinus) occurred about lour or live seconds 

1 

after the admission of adrenaline (typical experiment ; adrenaline 

solution) and there is a marked acceleration of the heart rate, the fre- 
quency of the rhythm increasing from 17 to 74 per minute, this being 
accompanied by a progressive increase in the tone of the muscle. In the 
oyster, the heart responds to the drug after a few seconds and does not 
show such an increase of pulsation ; but as it will be seen in the figures, 
the frequency increases to much more than normal and the miisculatare 
also increases in tone. 

The minimum effective concentration of adrenaline on the crab’s 
heart was not determined in detail by Bain, but he stated that in a dilu- 
tion of 1 in 100 millions the excitation was just perceptible, while with 1 
in 10 millions the effect was sufficiently obvious. As mentioned in the 
above experiments, the effect of the minimum concentration on the heart 

of the oyster varies in different individuals. The following is apparently 

1 

about the minimum effective concentration ; 300 c.c. sea water and 
adrenaline chloride 0.5 c.c. 

Hogben and HpBsoN who describe a pronounced increase in tone and 
acceleration of the cardiac rhythm of the crab {Maia, Pecten, and the 
cx’op musculature of Aplysia, and also Aphrodite, with dilution of 1 : 50,000 
on even smaller quantities. According to the results of Wyman emd Lutz 
(1931), ''Adrenaline chloride solution added to the immersion fluid to 
make a concentration of 1 in 100,000 in the case of Cucumaria, usually 
caused a progressive decrease in tone, amplitude, and rate of the cloacal 
strip, with a final cessation of beat. In a few case a concentration of 1 
in 200,000 produced a typical effect, but usually this dose affected only 
one or two of the three factors. In the case of Sticopus 1 in 50,000 was 
the effective dose, the type of response being the same as in Cucumaria 

In these experiments, I have not employed the perfusion method and 
therefore, it seems that the effective concentration on the oyster heart is 
different from the results stated by the above authors ; consequently the 
action of adrenaline on the heart is due to the penetration quantities of 
the drug into the heart from the surrounding solution. 
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It is worth noting that sometimes the continuous increase of the drug 
produces no effect whatever, and in the case of the heart of the oyster 



B. C 

Fig. 6. The action of adrenaline chloride. Showing the continuous increase of 


the drug: A. 300 c.c. sea water + adrenaline 5 c.c. 

B. ,, 4- ,, ,, 10 c.c. 

C. ,, 4“ M M 20 c.c. 

it was not found possible to obtain an irreversible type of response, such 
as can be obtained from the crab’s heart as stated by Bain. 

It is general, in mammals both auricles and ventricles are affected by 
adrenaline. But in the bird (pigeon) and reptile (tortoise) according to 
Elliot (1905), only the auricles are excited. Baton (1912) conforms 
Elliot’s findings that adrenaline does not excite the ventricle of the bird 
and he stated that there is no augmentor* nervous mechanism in connection 
with the avian ventricle. On the other hand, several investigators have 
described the augmentation and acceleration of the isolated heart of the 
frog with adrenaline. 

Tsunoda repoi'ted that the action of adrenaline on the heart of oyster 
always affected the auricle acceleratively and on the ventricle is inhibitory. 
Sometimes it is affected on the ventricle acceleratively and sometimes it 
firstly inhibits and then reacts acceleratively. 

The results of my experiment fail to show a difference in the heart 
of the oyster. The ventricle and the auricle are both invariably accelerated. 
Whether the action of adrenaline on the heart firstly affects the nervous 
system and then the cardiac muscle, or whether it affects the cardiac 
muscle only is a most important question. Carlson (1905) stated that 
adrenaline has an excitatory action both on the cardiac ganglion and the 
myocardium of Limulus, Recently Oka (1932) determined the innervation 
of the heart of the oyster physiologically; the heart is provided with 
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accelerator and inhibitor nerves. But the histology of the nerves has not 
been clearly understood. Therefore, whether the effect of adrenaline affects 
firstly the ending of this accelerator nerve or directly affected the muscle 
itself is important. 

Though Hogben (1926) stated in his book that '' One nuiy (luestion 
whether much importance should be attached to the action of adrenaline 
as an indication of the existence of sympathetic innervation, an argument 
which has been widly need in physiological literature it is of considerable 
value in speculation concerning the organisation of the neuro-muscular 
mechanism in the oyster heart. No special attention of the hydrogen 
concentration has been taken throughout the experiment, but detcrminci- 
tions of the pH of the immersion fluid were made each time by the colori- 
metric method. The pH of the sea water at the beginning of an experi- 
ment was about 8.2. Addition of the usual dose of adrenaline chloride 
solution lowered it by 0.2 to 0.5 (Because sea water is a powerful buffer 
solution). I think that changes of pH of these magnitudes have not much 
effect on the preparation. (The effect of pH on the pulsation of the oyster 
heart is of interest and importance. My experiments are not yet completed 
them.) 

Since adrenaline chloride solution contains some slight amount of 
chloretone, it is necessary to control tests for this substance, but owing 
to lack of time, I have been unable to test this substance on the heart. 
(According to Wyman and Lutz, concentrations of chloretone up to eight 
times the amount present in the largest dose of adrenaline chloride were 
found to be ineffective.) 

I prefer to present these results merely as examples of the action of 
certain chemical substances on an autonomous and presumably neuro- 
muscular organ in the heart of the oyster ; and to regard such actions as 
dependent on the nature of the chemical and physical constitution of the 
materials participating in the excitatory processes. 

I am waiting for a more thorough understanding of the histological 
and morphological features of the heart of oyster especially with reference 
to the innervation and distribution of the nerve cells. 

V. CONCLUSION. 

The heart of the oyster when affected by adrenaline always accelerates 
its ^ukation and increases the tone of , muscle. The minimum effective 
concentration of the drug varies in different individuals, but it is apparently 



PHYSIOLOGY OF OYSTER-HEART 


29 


as follows; 300 c.c. sea water -r adrenaline chloride 0.5 c.c. There 

is no great difference between the effects of adrenaline on the ventricle 
and the auricle. The effect of adrenaline is a reversible reaction in the 
heart of the oyster and has no effect on the initial heat rigor of the 
cardiac mode. It is highly important to study in the future the distribu- 
tion of the nerve cells in order to scrutinize the possible relationship of 
the nervous system to the effects of adrenaline on the heart of oyster. 

I wish to express my sincere thanks to Prof. S. Hatai for his valuable 
suggestions and criticisms during the course of this work. 
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ON THE SURFACE pH OF THE NORTH PACIFIC OCEAN. 
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.With 1 text-figure; 
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Although the pH of the Pacific Ocean has been studied by Mayer 
and Ito"^ it was thought worth while to make some additional observations. 
In order to rule out diurnal variations due to photosynthesis all observa- 
tions were made at noon each day on water dipped from the surface by 
means of a bucket through a porthole of the Asama Maru, N. Y. K., 
between San Francisco and Yokohama. On March 29 no sample was 
taken since we were in Honolulu Harbor, and on April 2 the date line 
was passed before noon. 

The pH determinations were made by means of test tubes 25 mm. 
diameter filled with buffer solutions and colored with thymol blue according 
to the method of McClendon, Gault and Mulholland'* ’ and checked by 
means of the Bausch and Lome, micro colorimeter and several indicators 

These indicators were checked by means of the hydrogen electrode of 
Dr. S. Nomura in Sendai and of Mr. E. Sawano in Asamushi. 

The chlorine titrations were made by means of silver nitrate, using 
dichloro-fluorescein as indicator. The silver nitrate was standardized by 
means of standard sea water from the Oceanographic Institute at Kobe. 

The results are given in the accompanying map and the following table. 


UProc. Natnl. Acad. Sci., 3:548 ,1917;. 

=^)Proc. Amer. Phil. Soc., 58:150 (1915). 

Records of Oceanographic Work in Japan, 1:90 (1928-9). 

Papers of Dept. Mar. Biol- Carnegie Inst., 11:21 (1917). 
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CHROMOSOME MORPHOLOGY IN SMILACINA JAPON/CA. 
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The material for this study was obtained in the grounds of the Asamu 
shi Marine Biological Station of our University at Sendai. Asamushi beini 
situated near the northern limits of Honshu, many plants which, near Sendai 
are found only in mountain regions, grow there abundantly along the se; 
shore. One example is Smilacina japonica, the plant which is to be deal 
with in the present paper. 

The fixing fluids, Nawaschin's and Bouin-Duboscq’s were equalh 
successful in the case of this plant. For the fixation of the pollen mothe: 
cells, however, the material was first dipped for about half a minute ii 
Carnoy’s fluid ; this seems to be a most effective method for the fixatioi 
of this part of the plant. 

Staining was carried out entirely according to Newton's gentiana 
violet-iodine method, which was decidely better than Heidenhain's iror 
alum haematoxylin. The materials were sectioned in paraffin as usual 
the smear method was not used. 

Several species of Smilacina have already been investigated cytologicall} 
by McAllister (1909, 1913), Lawson (1911, 1912), and Woolery (1915). 



a b 

Fig. 1, a, b- — Polar views of 1st di^asion in pollen mother cells. Xl760, 
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But, hitherto, we have no exact knowledge concerning the chromosome 
morphology of this genus. 

The chromosomes of Smilacina japonica are relatively large, and among 
them there are distinct differences in size and shape. Text-fig. 1, a and 
b are the polar views of the heterotypic mitosis in the pollen mother cells 
of this plant. The total number of chromosomes in this mitosis is eighteen, 
of which ten are much smaller than the remaining eight. The latter are 
generally situated in the periphery of the nuclear plate. Although at this 
stage it is rather difficult to distinguish the special characteristics of each 
of the®larger chromosomes, one of these is remarkably large and is easily 
detected in each nuclear plate. This chromosome will be designated as A. 

Text-fig. 2, a and b, show the side views of the anaphase of the same 
mitosis. Here only the eight larger chromosomes are separately depicted, 

a 

h 

Fig. 2, a, h.— Large chromosomes in anaphase of 1st division of pollen moth<T 
cells. X1760. 

to illustrate the size- and shape-differences clearly. The longitudinal split- 
ting of each chromosome is already completed, and its two halves are seen 
widely separated. The chromosome A, wffiich was already distinguishable 
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in the former stage is equally remarkable in this stage. As the figure 
shows, the chromosome seen here is V-shaped, this being caused by the 
median spindle fibre attachment. In the anaphase chromosome group, 
besides the chromosome A there are two more, which are also distinct 
from the others, and are to be designated as B and C respectively. 
Chromosome B is also V-shaped, but is much smaller than A. Chromo- 
some C is L-shaped, owing to the sub-median fibre attachment. 

The remaining five chromosomes have the subterminal fibre attachment, 
and are almost equal in size and shape. The chromosomes A, B, and C 
may be identified also in the polar view of 
the anaphase of the same mitosis (Fig. 3). 

Text-fig. 4, a is the polar view of the 
metaphase of the homotypic mitosis. The 
chromosomes A, B and C can be detected 
here without any difficulty, as also in the 
anaphase stage of this division (Fig. 4, b). 

The first nuclear division in the pollen 
grains comes cibout a week after the matura- 
tion division in the pollen mother cells. The 
metaphase of that division is well suited for 

'‘'IIIUI 

Fig. 4. — u. Polar \iew of metaphase of 2nd division in pollen mother cell. b. 

Largo chromosomes in anaphase of the same division. - 1760. 

the study of chromosome morphology, as Levan specially mentions in his 
recent paper on Allium (1932). Text-fig. 5, a and b are the polar views 
of the nuclear plate of this division. Eighteen chromosomes are counted 
as before. Among them eight are much larger than the rest. The 
chromosomes A, B and C are distinguishable with certainty. The constric- 
tion for fibre attachment is here rather distinct in each chromosome and 




Fig. 3.~Polar view of anaphase 
chromosome group of 1st division 
in pollen mother cells, x 1760. 
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becomes more conspicuous in the anaphase stage (Fig. 6). 

The diploid somatic division was studied in the root tip. The constric- 
tion of the chromosome is distinct also in this division. Text-fig. 7 is a 
polar view of the nuclear plate of this division. Thirty-six chromosomes 



Fig. 5, a, l).-~'Polar vious of metaphaso in 1st division in polU'ii grain. X 1760. 



a b 

Fig. 6y a, b. — Sister chromosome group in anaphas<" of 1st division in polI<»n 
grain. Xl760. 

are counted ; among them the chromosomes A, B and C can he detected 
as before. To my astonishment, a few figures of the ietraploid nuclear 
division in the cortex of a root, one example of which is depicted in 
text-fig. 8, were, by chance, met with in one preparation. The size of 
the nucleus of the cells in the neighbourhood of the tetraploid mitotic 
figures is generally much larger than the normal diploid nucleus. It is, 
therefore, likely that not a single cell but a relatively large portion of the 
root is equipped with the tetraploid nucleus. The same phenomenon has 
already been reported in the case of several plants (Lesley, 1925 ; Nawa- 
SCHIN, 1926; Breslawetz, 1926; Takagi, 1928). 
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Fig. 7.— Diploid nuciciar plate in a Fig. 8. — Tetraploid nuclear plate in 

root tip. X 1760- corte.x of a root tip. x 1760. 

SUMMARY. 

1. The haploid chromosome number of S/m7acma japomca is eighteen. 

2. Among the eighteen, eight are much larger than the remaining 
ten. The former are situated generally in the periphery of the nuclear 
plate. 

3. In the anaphase of the 1st and 2nd nuclear division in the pollen 
mother cells three sets of special chromosomes can be distinguished with 
certainty. 

4. The first division in the pollen grain is very suitable for the study 
of chromosome morphology. The three special chromosomes above-men- 
tioned can be distinguished most easily in this division. 

5. The diploid nuclear mitosis was studied in the root tips. On one 
occasion a case was met with, where a relatively large portion of a root 
consisted of cells with a tetraploid nucleus. 
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IS THE PROTEIN REQUIREMENT IN NUTRITION AN 
AMINO ACID OR A PEPTIDE REQUIREMENT? 

By 

J. F. McClendon and Takeo Imai. 

Biological Institute, Tohoku Imperial University and the Laboratory 
of Physiological Chemistry, University of Minnesota Medical 
School, Minneapolis, Minnesota, U,S.A. 

(Received Dec. 1, 1932' 

Ever since it was first emphasized by Liebig 100 years ago, the protein 
requirement has been considered the chief requirement in nutrition. Lie- 
big attempted to make a concentrated food by autoclaving beef-muscle 
and separated it into a white powder (protein) and a bi'own liquid (extract 
of beef). Owing to the fact that the protein is tasteless, the public eats 
the extract and is ignorant of the existence of the protein. KossEL sug- 
gested that protein is a polypeptide of amino acids and this view has many 
supporters. Ikeda showed that the chief flavoring substance in “ protein ” 
food is the monosodium salt of glutamic acid (an amino acid). It thus 
appears that although the ordinary man cannot tell whether he is eating 
pure protein or pure starch (carbohydrate), he can detect an amino acid 
that is abundant in both animal and plant protein ; and thus a longing 
for the “ flesh-pots of Egypt may be satisfied by the hydrolysis of plant 
protein. The taste of the free amino acids has usually been described as 
sweet or slightly bitter or sour (acid) but most commercial preparations 
of proline have a strong taste or smell, probably due to decomposition 
products. 

Since it has been shown that some free amino acids are produced in 
the digestion of protein and that natural peptides may be split into amino 
acids by the erepsin of the small intestinal juice, the idea is prevalent that 
a mixture of amino acids could be substituted for protein in nutrition. 
Early attempts at solving this question were beset by numerous difficulties. 
The mixtures of amino acids were sometimes nauseating. The experiments 
were begun before the discovery of vitamins which were therefore not 
supplied. The expense of the experiments limited their duration. 

Abderhalden showed that yeast and butter-fat improved the diet of 
amino acids, attributing their beneficial effect to vitamins. The yeast con- 
tains protein but not nearly enough for the entire protein requirement. 
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Rose showed that young white rats would grow on a diet containing 2 
decigrams of dry yeast per day and in which the remainder of the protein 
requirement was a mixture of known amino acids i)Ius a butyl alcohol 
extract of a casein hydroh^^sate. We do not wish to com])et(' with Roses s 
expensive experiments but they natuicilly give rise to spe(‘ulations as to tlu^ 
nature of the butyl-alcohol extract. Using th(^ wholes of (he cas(un hydroly- 
sate, its effect is diminished by prolonged hydrolysis, and (his might Ix' 
due to destruction of traces of peptides.’ ' 

Insulin seems to be a peptide and although most of it is destroyed in 
the digestive tract, Muri.in has shown that some niciy be absorbed before 
destruction. The active agent in liver which relieves the symptoms of 
pernicious anemia has been thought to be a peptide. A gastric digest of 
muscle may be substituted for liver and this gastric digest is a mixture 
of a large number of peptides (peptone). The quantity of liver needed 
to relieve pernicious anemia is enormous and this would suggest partial 
destruction of the active agent in the digestive tract. 

Dogs can be kept alive on a certain diet after removal of the stomach, 
but so can they after removal of the parathyroid glands. The stomach 
is removed from humans only in cases of cancer of other serious disease. 
The patients have not lived more than 6 years and most of them have 
died much earlier, some within a few weeks, even where the operation 
did not kill them. In cases where a blood examination w^as made, anemia 
has been found. This is not intended to be an adequate discussion of the 
function of the stomach but is introduced as the suggestion which led us 
to the experiments on feeding peptides. 

Owing to the great expense of the experiments we have used mice 
and only one pair of litter-mate males for each experiment. We have 
given them an adequate mineral mixture and suflicient fat and vitamins 
A and D in the form of butter-fat. We have given each the eciuivalent 
of 1 decigram of dry yeast per day but have not shown that this supplied 
sufficient vitamin B and G. Owing to the fact that yeast contains protein, 
however, we have not dared to increase it. We have in each experi- 
ment used 2 diets which differed only in that one contained peptides and 
the other did not. We have used only those peptides which we had in a 
pure state. The ingredients of the diets were weighed in decigrams. 

Diet I contained glycine 1, proline 4, hydroxyproline 1, aspartic acid 
10, glutamic acid 10, serine 1, alanine 4, valine 8, leucine 10, isoleucine 

n M cClendon: Proc. Soc. Exp. Biol. Med. 28:915 (1931). 
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1, phenylalanine 3, tyrosine 5, arginine 3, lysine 4, histidine 2, tryptophan 
1, cystine 1, methionine 1, taurine 1, creatine 1, adenine 1, guanine 1, 
hemin 1, glucosamine 1, cholesterol 1, glucose 75, starch 15d, salt-mixture 
20 (butter-fat 80). The yeast was fed separately, 1 decigram per mouse 
per day. This diet (omitting the butter fat) was mixed by grinding in a 
pyrex ball mill for 6 hours then divided into halves. 

Diet II consisted of 1/2 of diet I plus 1 decigram each of the following : 
glycyl-glycine, glycine-anhydride, glycyl-leucine, leucyl-glycine, glycyl-tyrosine, 
tri-glycine, leucyl-diglycine, glutathyone and alanyl-triglycine. This was 
ground again in the ball mill. The butter-fat was halved and half mixed 
in diet I and half in diet II in small portions as needed each day. 

The mice were the Bagg albinos from the Carnegie Station for Experi- 
mental Evolution, Cold Spring Harbor, Long Island, N.Y., U.S.A., which 
are the standard strain for uniform scientific work since they were inbred 
for many years and are therefore homozygous. The body weights are 
given in decigrams. 


Experiment 1 on litter-mate males born October 1 : 


Date 

Oct. 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Body 

Diet I 

50 

53 

52 

55 

53 

50 

49 

48 

49 

48 

Weight 

Diet II 

50 

57 

55 

55 

55 

51 

56 

51 

50 

49 

Date 

Nov. 1 

2 3 

4 5 

6 

7 8 

9 

10 11 

12 

13 14 

15 

16 

Body Diet I 46 

46 46 

47 47 

48 

48 46 

45 

44 44 

43 

40 40 

40 

40 dead 

Weight Diet II 50 

49 49 

48 48 

47 

48 48 

48 

47 47 

45 

43 44 

43 

43 alive 


Experiment 2, litter-mate males born September 2 : 



Date 

Nov. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Body 

Diet I 

165 

160 

151 

141 

137 

133 

130 

128 

127 

125 

Weight 

Diet n 

142 

135 

129 

123 

119 

120 

114 

111 

113 

110 


Experiment 3, litter-mate males born August 18 : 



Date 

Nov. 

28 

29 30 


Dec. 

1 

2 

3 

4 5 

6 

7 

Body 

Diet I 

213 

199 191 



191 

182 180 177 166 

160 

156 

Weight 

Diet II 

195 

190 180 



170 

165 159 156 149 

145 

140 


It may be concluded that the results are negative. Younger (smaller) 
mice do better on both diets than do older (larger) mice. This may be 
due to the well known fact that younger animals adapt themselves to 
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food of abnormal taste more quickly than older animals or to the possi- 
bility that smaller animals require less yeast than larger animals. 

Our thanks are due to Dr. E. Waldschmidt-I.fjtz for som<‘ of the 
peptides. 

After writing this paper we read of the experiments of Makda*^ in 
which he obtained normal growth in rats fed protein hyd!’olysat{\s instead 
of protein. He admits detecting amino acid anhydrides (which wc' assunn^ 
are diketopiperazines rather than creatinine) in some of the hydrolysates. 
The problem is open to further investigation. 


DMaeda, S.: Sd. Papers Ins. Phys. Chem. Research, Tokyo 19:67 (1932). 



NOTES ON THE ANATOMY OF THE YOUNG OF 
CAUDINA CHILENSIS d. MOlleriJ' 

By 

Y6z6 Kitao. 

(^Biological Institute, Tohoku Imperial University, Sendai, Japa?}.') 

(With 31 text-figures and Pis. II-III). 

(Received Dec. 1, 1932* 

It seems that no particular investigation has been made of the mor- 
phology of the young of the holothurians, which belong to the Molpadiidae, 
and it is probable that this omission is due to the difficulties in obtaining 
suitable material. 

Fortunately in the waters about the Asamushi Marine Biological Station 
we find a kind of holothurian, Caudina chilensis (J. Muller), which 
belongs to the above-mentioned family and not only the adult but also the 
young forms and larvae of various stages are obtainable in great abundance, 
according to the season of the year. In the present paper I should like 
to deal with the results of investigation of the anatomy of the young 
Caudina. 

Here I wish to express my hearty thanks to Professor S. Hatai, at 
whose suggestion this work was undertaken and I am also greatful to 
Professor S. Hozawa for kind help given to me in various ways. 

MATERIAL AND METHOD. 

The specimens of the young Caudina on which the present work is 
based were of varying body-length, measuring 1-30 mm. and were obtained 
by Prof. S. Hozawa and by myself near the Biological Station of Asamushi 
at Moura and Nonai during the breading season. Each of the animals 
was first anaethetised with menthol, and then fixed with 90 alcohol In 
the preserving materials, IQ^/o of alcohol was used. 

The material of the cut sections was totally stained with borax carmine, 
and was then imbedded in either paraffin or celloidin. The celloidin method 
was well adapted for the larger specimens. 


U Contributions from the Marine Biological Station, Asamushi. Aomori-Ken. No. 98. 
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ABBREVIATIONS FOR ALL FIGURES IN THE TEXT AND PI.ATES. 


a., anus 

anterior efferent vessel 
a.p., anal papilla 
a.s.i., anterior small intestine 

a. v., afferent vessel 

b. c., body cavity 
b.t.^ basal tree 

b. tD., body wall 
cap., capillaries 

c. b., calcareous body 
cL, cloaca 

c m., circular muscle 
com., commissure 

c.p.c., coelo-peripbaryngeal connection 
c.p.s., coelo-peripbaryngeal septum 
cr., constriction 
c.r., calcareous ring 

c. t,p., connective tissue partition 
cut., cuticle 

C.W.C., circular water canal 

d. b.v., diagonal blood vessel 

e. c., epi-neural canal 
e.v., efferent vessel 
g., gonad 

g. d., gono-duct 

h. c., hypo-neural canal 
Lb., inner band 

Le., inner epithelium 

Lc.t., layer of connective tissue 

Ld.b., left dorsal branch 

Ld.m., left dorsal mesentery 

Ld.r.w.c., left dorsal radial water canal 

LL, large intestine 

Lm., Jongitudinal muscle 

Lr.t, left respiratory tree 

Ls.r.t, left supernumerary respiratory tree 

Lv.b., left ventral branch 

i. v.m., left ventral mesentery 
l.v.r.m.c., left ventral radial water canal 
Lv.t., left ventral tree 


m., mouth 
md., madreporite 

m. f., muscular fibi’cs 

in.v.r.w.c., mid-ventral radial watiu* canal 

n. r., nerve ring 

o. h. outer l)and 

o. e., outer ejntheliurn 
//., primary jiapilla 
p'^., secondary papilla 

tertiary papilla 

p. d., primary digit 

p.e.v., posterior efferent \(‘sse1 
ph., pharynx 

p.s., peri-pharyngeal sinus 

p.s.i , posterior small intestiiK' 

ps.s., peri-siomachal sinus 

P.V., Polian vesicle 

r.cl.m , radial cloacal muscle 

r.d.m., right dorsal mesamtery 

r.d.r.w.c., right dorsal radial waU'r canal 

r.n., radial nerve 

r.r.t., right respiratory tree 

r.s.r.t., right supernumerary respiratory tr(H‘ 

r.v.m., right ventral mesenhmy 

r.v.r.w.c., right ventral radial water canal 

r.v.t., right ventral tree 

r. w.c., radial water canal 

s. d., secondary digit 
sp., suspensor 

st., stomach 

stone canal 
L, tintacle 
f/., primary tentacle 
P"'., secondary hmtai le 
tertiary tentacle 

t. a., tentacular ampulla 
v.t., ventral tree 

v, v., ventral vessel 

w. ps.s., wall of peri-stomachal sinus 


ANATOMY OF THE YOUNG. 

In describing the anatomy of the young Caudina, it seems to he more 
convenient to distinguish and mark off the various stages of growth. I 
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have divided, therefore, these specimens into four stages distinguished by 
the number and shape of the tentacles as well as by the length of body, 
as shown in the following table. At the end of the fourth stage the 
animal becomes almost similar to the adult condition. 

Table I. 

Stages 

Body len^^th 

Number of ten- 
tacles 

Shape of ten- 
tacles 

1. THE FIRST STAGE 

In this stage the animal measures about l'~2mm. in total length and 
is almost spindle-shaped, but the tail is not yet strongly elongated as it 
is in the adult (text-fig. 1). The integument 
is translucent, but is covered with sand grains 
attached all over its surface. 

]. Body Wall 

The body wall consists of four layers : an 
outer epithelium, a layer of connective tissue, 
a muscular layer, and a thin inner epithelium, 
as in the case of the adult. 

The outer epithelium (PL II, fig. 1, o.e.) is 
thin, and is covered with a very thin cuticle 

Text-fig. 1. Caudina chilensis 

The layer of connective tissue (Lc.t.) is (J. Muller). The young 1.8 mm. 
thick, and the muscular fibres are very thinly t>ody length, 
distributed in it. Calcareous bodies are observ- 
able in this layer but only in the anal region. 

The five longitudinal muscles (Z.m.) exist, each in the position of a 
radius, and each forming a single strand. They aidse at the bases of the 
tentacles together with the radial nerves, and run posteriorly to the anal 
region. The circular muscles (c.m.) lie in the inter-radial areas, stretched 



I 

n 

III 

IV 

1-2 mm. 

2-4 mm. 

4-10 mm. 

10-30 mm. 

6-10 

11-15 

lo 

15 

Wilh two digits. 


With four digits, 
two secondary 
digits being 
smallar ones. 

With four digits 
of similar appear- 
ance. 
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transversely among the longitudinal muscles, but they do not lorm any 
continuous sheet. 

2. Nervous System 

The nervous system consists chiefly of the nerve ring a!i(l th(^ five' radial 
nerves. 

The nerve ring (PL 11, fig. 2, n.r.) is seen at the l)as(‘ ol th(' ixmta(*l('s 
surrounding the mouth and is about 0.15 mm. in diameter. 

The five radial nerves (figs. 1, 2, r.n.), which branch off from I lie n(n'V(‘ 
ring, stretch towards the posterior extremity lying iK'iween the c'pi- and 
hypo-neural canals (fig. 1, e.c., h.cX 

3. Digestive System 

The alimentary canal is looped in the same way as seen in the adult, 
namely, it runs first towards the posterior end of tlie trunk, then liends 

and runs forwards almost to the iiosierior emd 
of the stomach, then turms again towards the 
tail, and finally terminates at ih<‘ anus (t<‘xt- 
fig. 2). 

The mouth (PI. 11, fig. 2, m.) is circular, 
and is situated at the anterior end of the body. 

The phcirynx (fig. 3, ph.), which extends 
from the mouth to the level of the (urcular 
water canal is fastened to the calcareous ring 
by means of ten coelo-peripharyngeal septa (figs. 
3, 6, c,p.s,) placed vertically and radially round 
the pharynx. There exist live peripharyngeal 
sinuses (fig. 3, p,s.) each of which oc(*upies 
very narrow space surrounded by two (‘oelo- 
peripharyngeal septa, by a part of the pharyngeal wall, and by the radial 
piece, of calcareous ring. The posterior end of eacdi (‘oelo-peripharyng(Xil 
septum is connected with the wall of the peri-stomachal sinus (lig. 
w:ps.s,). In this stage the wall of the peri-stomachal sinus is set (‘losc^ 
to that of the stomach, not leaving the cavity for the peri-stomachal sinus. 
The anterior end of each septum is set freely in the (‘oelo-peripharyng(ial 
connection (fig. 6, c.p.c.) as seen in the adult 

The stomach (PL 11, fig. 5, text-fig. 2, sL) is situated next to the 
pharynx, and is of uniform thickness. It is supported by the right dorsal 
mesentery (r.d.m.). Posteriorly, it is continuous with the small intestine 
and the limit between them is marked by a distinct constriction (text-fig. 
2. cr,}. 



Text-fig. 2. Caudina chilensis 
fJ. Muller). Alimentary canal 
of the young in the first stage. 
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In the region of the small intestine the alimentaiy canal increases in 
diameter, and is curved in the manner of figure U (text-fig. 2). The first 
half of the small intestine (anterior small intestine) (PL II, fig. 4, text-fig. 
2, a.sj'.) is supported by the right dorsal mesentery (PL II, fig. 4, text-fig. 
4, r.dj7i.), while the second half (posterior small intestine) (PL II, fig. 4, 
text-fig. 2, p.s.i.) is supported by the left dorsal mesentery (PL II, fig. 4. 
text-fig. 2, Ld.m.). 

The large intestine (PL 11, fig. 4, text-figs. 2, 3, Li.) which runs 
posteriorly and ventrally to the small intestine is supported by the left 
and right ventral mesenteifies {l.v.m., r.v.m.). 

The cloaca (text-fig. 2, c/.), which is very 
short but comparatively thick, is dilated in 
the anterior region, where the respiratory trees 
arise, and terminates posteriorly in the anus. 

It is supported by the radial cloacal muscles 
{rxl.m.). 

4. Respiratory Trees 

III the region of the cloaca two respiratory 
trees arise from its dorsal side and run for- 
wards. Of these trees, the right (PL II. fig. 

4. text-fig. 3, r.r.t.) reaches anteriorly to the 
circular water canal, which will be mentioned 
later on, and gives off no branches on its way, 
while the left is divided near its base into two 
branches, viz. the bud-like left dorsal branch (text-fig. 3, Ld.h.) and the 
club-shaped left ventral branch {l.v.b.). 

The supernumerary respiratory trees w-hich are demonstrable in the 
later stages have not yet appeared in this stage. 

5. Calcareous Ring 

The calcareous ring (PL 11, figs. 3, 6, c.r.) established in this 'stage as 
to surround the pharynx has a diameter of about 0.2 mm. 

6. Water-vascular System 

The circular* water canal (PL II, fig. 6, text-fig. 4, c.w.c.) is to be seen 
surrounding the junction of the pharynx and the stomach. 

The short stone canal (PL II, fig. 5, text-fig. 4, six.) is noticeable 
having its position in the median dorsal inter-radius, and is nearly straight 
and not twisted as it is in the later stages. 

The madreporite (md.) is circular in shape and is studded with cal- 
careous bodies (c.b.). It is attached to the body wall in this stage. 



Te.Kt-fig. 3. Caudina chilensis 
(J. Muller). The general view 
of the respiratory trees of the 
young in the second stage. 
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The Polian vesicle (PL 11, fig. 5, text-fig. 4, P.v.) is a coniparatively 
large sac of elongated oval shape and its position is in the left ventral 

interradius. 

The radial water canals (V\. IL fig. 1, 
3, text-fig. 4, r.ta.c.), which are five in num- 
ber, arise from the circular water canal, and 
each runs backwards between the radial 
nerve and the longitudinal muscle reaching 
as far as the posterior extremity of the body. 

The primary tentacles (PL II, fig. 2, text- 
figs. 5, 6, t\) which are five in number, 
appear early in the larval stage, arising from 
the circular water canal at the bases of the 
radial water canals as stated by Inaba (1930, pp. 232-233), But, after- 
wards, as the animal is growing the basal part of the radial water cunal 
is prolonged, and then the tentacles look like branches ramifying from 
the radial water canals (text-fig. 5). 

The secondary tentacles {f\) which arise in this stage are also five in 
number, and they are given off from the radial water canals. Their posi- 
tions are as follows ; the first (text- 
fig. 6, f'l.) is right dorsal coming 
out from the right ventral radial 
water canal {r.v.r.w.c) ; the second 
{f\) is left dorsal arising from the 
left ventral radial water canal 
{Lv.r.w.c.) ; the third is dorsal 
arising from the right dorsal radial 
water canal (r.d.r.wx,), and each 
of the fourth and the fifth 
is either left ventral or right ventral 
arising from the left ventral radial 
water canal, or from the right 
ventral. 

At the end of this stage the tentacles are ten in all, and each is 
provided with two primary digits at its tip (text-fig, 7, p.d,). The tentacular 
ampullae are not yet formed in this stage. 

The anal papillae (text-fig. 1, 8, a.p., p'.) each of which is to be found 
at the posterior end of the radial water canal appear first as a single 
primary protuberance in this stage. 



3 4 



Text-fig. 5, Caudina chilensis (J. MuLLKttj. 
Diagrammatic illustration for the formation 
of the primary tentacles of the young in the 
first stage. The number of the figure shows 
the order of the development of the tentacles. 


c.h. 


P-v. 



Text-fig. 4. Caudina chilensis 
(J. Muller). Diagrammatic illu- 
stration of the water-vascular 
system of the young in the first 
stage. 
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7. Blood-vascular System r.d.r.w.c. 

In this stage the dorsal 

blood vessel is represented only 
by the efferent vessel which 
exists on the dorsal surface of 
the posterior small intestine. 

(PL II, fig. 4, text-fig. 9, e.v.). 

In the early period of this 
stage the ventral blood vessel 
may be found running along the 
ventral surface of the anterior 
small intestine {v.v.), but, in 
the more advanced period of 
the same, it may be seen ven- 
trally even on the posterior 
small intestine (text-fig. 10, v.v.). 

8. Genital Organ 

The genital organ is not yet clearly dis- 
tinguishable in this stage. 


i.d.r.w.c. 



Diagram to show the arrangement of the tentacles 
of the young in the first stage. The number 
shows the order of appearing of tentacle. 


p.d. 


11. THE SECOND STAGE 

In this stage the total length of the body 
varies from about 2 to 4 mm. In respect to 
the shape of the body it is almost similar to 
that of the previous stage, the tail being very 
short. As is the case in the first stage the 
body is covered with sand grains nearly all 
over the surface. 

1 , Body Wall 

In this stage the layer of connective tissue 
is thicker than in the former stage, and the 
muscular fibres contained in that layer are 
increased. 


Text-fig 7. Caudina chilensis 
(J. Muller). A tentacle with 
two digits at its tip of the 
young in the first stage. 



Text-fig. 8. Caudina chilensis 
(J. Muller), Diagram showing 
the arrangement of the anal 
papillae of the young in the first 
stage. 


The calcareous bodies first appear in the 
posterior region of the body, and later they are found not only in that 
region but also in the anterior parts of the body. 

Each of the longitudinal muscles shows a tendency to divide into two 
longitudinal bands, and consequently, the cross-section of the muscle is 
nearly elliptical showing a slight constriction in the middle. 
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j 2. Nervous System 

/ The nerve ring becomes larger, increasing 

e.v A in diameter. It measures about 0.2 mm. in 

_ i y T this stage. 

Digestive System 

^ ^ ^ , The generiil features of th(^ alimentary (‘anal 

(J. Muller). Diagram to show 1" t^ts stage are nearly similar to those seen 

the dorsal blood vessel of the in the previous stage. 

young in the first stage. At the end of this stage the wall of th(* 

peri-stomachal sinus is separated from that of 
I the stomach, and the peri-stomachal sinus (PL 

a.s.i. ) n, figs. 5, 6, ps.s.) is thus formed. The sus- 

' \ pensors (sp.) also become observable, and th(-\v 

v.v. trll)' ^ connect both walls mentioned above. 

\ J 4. Respiratory Trees 

^ In this stage the right respiratory tj’ee is 

branches at its terminal portion 

(J. Muller). Diagram showing rr r r i r * 

the position of the ventral blood (PI* H, % 5, r.r.L) while the left IS more 

vessel. elongated than in the first stage. 

The supernumerary respiratory trees (text- 
figs. 11, 12, 13, Ls.r.t, r.$,r.L) appear first in this stage as two bud-like 
processes each arising from the base of the main tree. Each of these buds 
is divided into two branches late in this stage. 

5. Calcareous ^Ring 

The calcareous ring in this stage is larger than that in the previous 
one and its diameter measures about 0.3 mm. 

6. Water-vascular System 

The stone canal (PL II, fig. 5, text-fig. 14, stc.) is not yet twisted, but 
the wall is studded with calcareous bodies in the region close to the 
madreporite. 


Text-fig. 10. Caudina chilensis 
(J. MOller). Diagram showing 
the position of the ventral blood 
vessel. 


Text-fig. 11. Caudina chilensis 
(J. Muller). The ventral view of 
the cloaca of the young about 
3 mm. long. 


Text-fig. 12. Caudina chilensis 
(J. Muller). The right side 
view of the same as text-fig. 11. 
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Text-fig. 13. Caudina chilensis 
(J. Muller). The ventral view of 
the cloaca of the young about 
3.3 mm. long. 



Text-fig. 14. Caudina chilensis 
(J. Muller). The stone canal and 
the madreporite of tlie young in 
the second stage. 


The madreporite (md.) is attached to the body wall, and its margin 
shows some undulation. 

In this stage five tertiary tentacles (text-fig. 6, are formed : one 
is right dorsal in position arising from the right ventral radial water canal 
; one is right ventral arising from the mid-ventral radial water 
canal {m,v,r.i€,c) ; one is left dorsal arising from the left ventral radial 
water canal [Lv.r.w.c), and the remaining two are mid-dorsal each arising 
from either the right or left dorsal radial water canal (r.d.r.tu.c., l.d.r.w.c.). 
Thus the animal in this stage has fifteen tentacles, and as regards their 
position it may be said that four are mid-dorsal, three right dorsal, three 
right ventral, three left dorsal, and the remaining two left ventral. Each 
of these tentacles has two digits at its tip, as in the case of the previous 
stage (text-fig. 7). The rudimentary tentacular ampullae (PI. II. fig. 6, 
La.) are first formed at the bases of the primary and of the secondary 
tentacles in this stage. 

In the early period of this stage each of the primary anal papillae is 
represented only by a single protuberance, but later on at the end of this 
stage, more smaller secondary protuberances (text-fig. 22, p^'.) appear in 
addition to each of the primary ones. 

7. Blood-vascular System 

The afferent branch of the dorsal blood vessel and the commissures 
between two ventral vessels are developed in this stage. Thus the dorsal 
blood vessel is differentiated into the efferent and the afferent branches, 
and the ventral blood vessel is provided with one or two commissures. 

The afferent vessel (text-fig. 15, a.v) which appears on the dorsal 
surface of the anterior small intestine runs posteriorly being attached to 
the wall of the same. Near the posterior intestinal bending, it is divided 
into two branches, the anterior efferent vessel and the posterior efferent. 
The anterior efferent vessel (a.e,t7*) runs anteriorly along the dorsal surface 
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of the posterior small intestine, while the posterior efferent vessel {p.e.v,) 
goes posteriorly for a short distance, across the surface of the small intestine. 

The vessels which run longitudinally along 
the antero-posterior ventral part of the small 
intestine, are connected by one or two trans- 
verse commissures (text-fig. 16, com,). 

8. Genital Organ 

The genital organ is not yet differentiated 
in this stage. 



Text'fig. 15. Caudina chilensis 
(J. Muller). The dorsal blood 
vessel of the young in the 
second stage. 



Text-fig. 16. Caudina chilensis 
(J. Muller). The ventral blood 
vessel of the young in the 
second stage. 



r Text-fig. 17. Caudina ch^ens is 
(X Muller). The young Jn the 
third stage with a body length 
b£.^.'about 9 mm, 


III. THE THIRD STAGE 

In this stage the total length of the animal 
measures about 4-10 mm. and at the end of 
this stage the tail is more or less elongated 
(text-fig. 17). Sand grains cover the body 
surface all over as is the case in the previous 
stage. 

1. Body Wall 

In this stage the layer of connective tissue 
(PL II, fig. 7, l.c.t.) is thicker than in the last 
stage. Calcareous bodies (c.6.) are very thinly 
scattered in the anterior portion of the body, 
but they are thickly disposed towards the anal 
region, as stated by Hozaiva (1928, p. 363). 

Each of the longitudinal muscles {Lm.) in- 
creases in breadth and is more clearly divided 
into a pair than in the previous stage. The 
separation into a pair of the longitudinal muscles 
occurs only in its middle parts, and thus both 
ends remain in the form of a single strand. 

2. Nervous System 

The nerve ring increases in thickness as 
well as in diameter, the latter measuring about 
0.4-0.8 mm. 

The radial nerve (PL II, fig. 7, r.n.) which 
is crescentic in the cross-section, is more 
thickened and more elongated than in the pre- 
vious- stage. In structure, the following three 
cornponents (may be clearly dikinguished, viz. 
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a thick outer band {o.b.), a thin connective tissue partition (cd.p,), and si 
thin inner band (f.5.). 

3. Digestive System 

In this stage each digestive canal is enlarged, but the cloaca is not 
strongly prolonged. 

4. Respiratory Trees 

In this stage, many side-branches of the respiratory trees are formed, 
each arising from the latter in a bud-like form. 

The anterior end of the right respiratory tree reaches the level of the 
calcareous ring. In this stage the left dorsal branch of the left respiratory 
tree is divided into a small number of smaller branches near its base, but 
these are not mingled with the capillaries, which spread from the dorsal 
afferent vessel. 

In this stage each of the two supernumerary respiratory trees, which 
first appeared in the last stage as two bud-like protuberances from the 
ventral surface of the cloaca, at a level slightly posterior to that of the 
main respiratory trees, is now divided into three branches (text-fig. 18, 19, 
Ls.r,t., r,s.r.t.). 



Text-fig. 18. Caudina chilensis (J. Mul- 
ler). The ventral view of the cloaca of 
the young about 5 mm. long. 


Text-fig. 19. Caudina chilensis f J. Muller), 
The same of the young as text-fig. 18, about 
6 mm. long. 


5. Calcareous Ring 

In the present stage^ the calcareous ring has grown larger than in the 
last, and attains 0.3-1.1 mm. in diameter. 

6. Water-vascular System 

In this stage the stone canal (text-fig. 20, stc.) is more or less elongated 
and somewhat twisted. 

Further, the madreporite (md.) is more strongly undulated at the margin 
and becomes free from the body wall. 

In this stage the tentacles are fifteen in number, being furnished with 



54 


Y. KITAO 


two secondary digits (text-fig. 21, s,d.) which appear at the base of each 
primary digit. 

The tentacular ampullae are clearly observable, each being formed at 



the base of each tertiary tentacle this showing 
that they are fifteen in number. 

Regarding the anal papillae, it may be said 
that they are set in five groups, each consisting 
of three papillae ; a large primary one (text-fig. 
22, p'.) in the middle, and two secondary ones 
(p".) outside the primary one. 


Text-fig. 20. Caudina chilensis 
(J. MUller). The stone canal 
and the madreporite of the 
young in the third stage. 


7. Bloodrvascular System 

In this stage the blood capillaries and the 
diagonal blood vessel appear, the former form- 


ing the rete-mirabile which is found on the 



surface of the anterior small intestine. Thus 
the dorsal blood vessel consists of the afferent 


Text-fig. 21. Caudina chilensis 
(J. Muller). The tip of the 
tentacle of the young in the 
third stage. 



Text-fig. 22. Caudina chilensis 
(J. Muller). Diagrammatic 
illustratio \ of the arrangement 
■of the anal papillae of the young 
in the third stage. 


vessel, the capillaries, and the efferent vessel, 
while of the ventral blood vessel the commis- 
sures and the diagonal blood vessel which first 
appears in this stage, are distinguishable. 

The capillaries (PL III, fig. 8, cap.) which 
first appear in this stage form the rete-mirabile 
covering the dorsal surface of the small intes- 
tine, but they do not intermingle with the twigs 
of the left dorsal branch of the left respiratory 
tree, as will be seen in the case of the later 
stages. 

The diagonal blood vessel (text-fig. 23, d.b.v.) 
which also first appears in this stage, connects 
the ventral vessels, running along the anterior 
and the posterior small intestine diagonally. 

The number of the commissures which con- 


nect the ventral vessels varies from 2 to 4 in this stage (com.). 
8. Genital Organ 


The gonad (PI. Ill, fig. 9, text-fig. 24, g.) is first distinguished in this 
stage, being located between two layers of the right dorsal mesentery near 
the posterior portion of the stomach, and it is a small rounded body. 
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d.b.v. 


Text-fig. 23. Caudina chilensis 
(J. Muller). The ventral blood 
vessel of the young in the third 
stage. 



Text-fig. 24. Caudina chilensis (J. 
Muller). Diagram to show the posi- 
tion of the gonad. 


IV. THE FOURTH STAGE 

The total length of the animal in this stage is about 10-30 mm. In 
the middle of this stage the tail is much elongated, and the shape of the 
entire animal becomes almost similar to that of the adult (text-fig. 25). 
Furthermore sand grains cover only the posterior portion of the body. 

1. Body Wall 

In the region of the body surface, where 
it is not covered by sand grains, the outer 
epithelium (PL III, fig. 10, o.e.) is very 
smooth. 

The muscular fibres {m.f.) contained in 
the connective tissue layer are well-developed 
in this stage. 

The calcareous bodies (c.6.) ai'e thinly 
scattered throughout the integument of the 
trunk, but are found abundantly in the tail 
region. 

The longitudinal muscles [Lm.) are set 
in five radial groups, each of them consisting 
of two muscle bands. The muscle bands 
which make a pair are of equal width in the 
middle region of the body, but combine to 
form one piece at both extremities. 

2. Nervous System 

The nerve ring attains a diameter of 0.8-1. 1 mm. 

3. Digestive System 

In the stage, the cloaca is strongly elongated relatively to the growth 
of the tail. 


Text-fig. 25. Caudina chilensis 
(J. Muller). The young in the 
fourth stage with a body length 
of about 20 mm. 
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4. Respiratory Trees 

The side-branches of the respiratory trees increase in number. 

The right respiratory tree reaches as far as the level of the anterior 
extremity of the coelom. The anterior extremity of the left ventral branch 
of the left respiratory tree attains the level of the anterior l)en(ling of 
the intestine, while the left dot'sal branch of the same is divided into 
many smaller branchlets, which are joined to the rete-mirabik^ lormcd by 

the blood capillaries belong- 
ing to the dorsal afferent 
vessel (PI. Ill, fig. 12). 

The supernumerary re- 
spiratory trees (text-fig. 26, 
Ls.r.t, r.s,r.L) grow larger, 
and their side-branches in- 
crease in number. 

I shall now deal with these 
trees more in detail The super- 
numerary respiratory trees (Uber- 
zalige Kiemenbaumc by Ludwig 
1889-92, pp. 169-171) have, hither- 
to only been observed in the fami- 
lies Cucumariidae and Molpadii- 
dae. As regards the Molpadiidae three respiratory trees, two normal and one supernumerary, 
were reported in the case of the following species; Molpadia australis Sempkr (Semper, 1868), 
Haplodactyla molpadioides Semp. (Semp. 1868), H. australis Semp. (Semp. 1868), H. hyaloeides 
Sluiter ( Sluiter, 1880 ), Trochosoma albicans Theel (Theel 1886), 7\ arcticum (v. Maren- 
zeller) (v. Marenz. 1877), and in Caudina ransonetti v. Marenz, (v. Marenz. 1881). Of 
the above-mentioned sptcies with the exception of C. ransonetti^ it has been known that 
there exists only one supernumerary respiratory tree issuing from the base of the left 
respiratory tree, wl ile in the case of C. ransonetti^ a species which may be looked upon as 
identical with C. chilensis, the existence of many basal branches of the main respii*atory 
trees, wHch later were called supernumerary trees by Ludwig (1889-92, p. 170) has been 
reported by V. Marenzeller (1881, p, 127). 

Tt e existence of five respiratory trees was first resported by Brandt (1835 ) in the 
cases of the genera Liosoma and Aspidochir, and afterwards by Grube (1840) in the case 
of genus Haplodactyla. Selenka (1868) and Lampert (1885) also reported that there were 
some holothurians, which have five respiratory trees. But these observations were not 
confirmed by Ludwig (1889-92, p. 171). 

Caudina chilensis (J. Muller) has six or more supernumerary respira- 

tory trees (PI. Ill, fig. 11, r.s.r.t.) originating from two buds appearing 

at the base of the main respiratory tree, as already mentioned (p. 50). 

The length of each supernumerary respiratory tree is shorter than that 
of the main tree, but in the young holothurians it becomes gradually longer 




Text-fig. 26. Caudina chilensis (J. Muller). The 
ventral view of the cloaca of the young about 12 mm. 
long. 
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as they grow. Their length is not always said to be proportional to that 
o£ the body, i,e. there exist some individuals, in which the length o£ the 
supernumerary trees is more or less differentiated, though they are nearly 
equal in body length. 

The direction taken by the supernumerary trees is, roughly speaking, 
as mentioned below. The basal tree which arises from the base o£ the 
main respiratory tree runs either anteriorly or posteriorly, while the remain- 
ing four run posteriorly, passing through the interspaces between the radial 
cloacal muscle (Table II). They are supported at their bases by the 
posterior portion of the ventral mesenteries and thus no change is possible 
in the direction they take. 

Though more than six supernumerary trees may often occur, there are 
never less than six in the case of the present holothurian, three occurring 
on each side. 


Table II. 



Left supernumerary trees 

Right supernumerary trees 

Body 
length of 
animal 

Basal tree 

Left ventral 
tree 

Ventral 

tree 

Basal tree 

Right ventral 
tree 

V entral 
tree 

5. 

0.07(f) 

0.07(b) 

0.2(b) 

0.07(f) 

0.08(b) 

0.17(b) 

5. 

0.14(b) 

0.16(b) 

0.24(b) 

0.1(f) 

0.3( b ) 

0.34(b) 

6. 

0.14(b) 

0.26(b) 

0.2f b) 

0.07(b) 

0.26(b) 

0.2(b) 

8. 

o.iecf ) 

0.32(b) 

0.26(b) 

0.07(b) 

0.35Cf) 

0.2(b) 

10. 

0.1.S(f ) 

0.26(b) 

0.2(b) 

0.13(f) 

0.26(b) 

0.2(b) 

13 . 

0.75(b 1 

0.73(b) 

0.26(b) 

0.82(b) 

0.4(b) 

0.17(b) 

20. 

1.36(b) 

0.72(b) 

0.32Cb) i 

1.2vb) 

0.64(b) 

0.28(b) 

30. 

3( f ) 

3(b) 

1.3(b) 

2(f) 

3(b) 

1.2(b) 

39. 

/2.7(b) 

U.2(f) 

l-8(b) 

1.7(b) 

1.8(f) 

2.5(b) 

1.8(b) 

55. 

5.5(f) 

6(b) 

/3(b) 

(1.6(b) 

4(f) 

4(f) 

6(b) 




V2.7(b) 


82. 

/12 b ) 

\ 6(f) 

5.5(b) 

6.7(b) 

7(b) 

7(b) 

1.5(b) 

128. 

4(f) 

7(b) 

4(b) 

2(f) 

4.4(b) 

5(b) 

155. 

15(b) 

9.5(b) 

9(b) 

7(f) 

9(b) 

10(b) 

160. 

/15Cb) 

\6(f) 

11(b) 

7(b) 

6(f) 

16(b) 

6(b) 

175. 

/lOCb) 

1 4.8(f) 

7.5(b) 

9(b) 

4(b) 

8ib) 

8.6(b) 

180. 

3(b) 

14(b) 

(SfEJ 

8(b) 

9(b) 

6(b) 

185. 

18(b) 

7(b) 

6(b) 

4(f) 

19(b) 

6(b) 

195. 

( ^(b) 

\ 4(f) 

21(b) 

14(b) 

®f) 

13(b) 

11(b) 

195. 


20(b) 

12(b) 

9Cf ) 

11(b) 

7(b) 

206. 

A6(b) 

V 5(f) 

8(b) 

11(b) 

('9(b) 

\.6(f) 

/5(b) 

Vs(b) 

3(b) 

213. 

10(b) 

14(f) 

5(b) 

6Cf ) 

14(b) 

5(b) 
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Left supernumerary 

trees 

Right supernumerary trees 

Body 
length of 
animal 

Basal tree 

Left ventral 
tree 

Ventral 

tree 

Basal tree 

Right ventral 
tree 

Ventral 

Wee 

215. 

215. 

220. 

225. 

245. 

260. 

275. 

200. 

10(b) 

5(f) 

8(f) 

9(f) 

16(b) 

/40(b) 

1 6(f) 

43Cb) 

3(f) 

6(b) 

16(b) 

31(b) 

16(b) 

12(b) 

33(b) 

4(f) 

20(b) 

3(b) 

16(b) 

6(b) 

21(b) 

9(b) 

V(b) 

7(b) 

15Cb) 

12(b) 

9(f) 

6(f) 

7(f) 

6(f) 

/ 8tb ' 
\ll(f) 
5(f) 

6(b) 

9(b) 

27(b) 

21(b) 

12(b) 

24(b) 

34(b) 

14(b) 

■4(b) 

8(b) 

8(b) 

19 Cb') 
9(b) 

5(b) 

/3(b) 

\5(b) 

6(b) 


In the table, the following six supernumerai^ trees are dealt with, the terms 
taken being respectively from their position. 

(1) The basal tree (PI. Ill, fig. 11, text-fig. 18, 19, 26, b.L) is that which arises 
from the cloaca at the base of the main tree. The left and right ventral trees 
r.vJ.) are those each of which arises from the ventral surface of the cloaca on 
the left and right side, respectively. (3) The ventral tree iv.t') is that which arises 
from the ventral surface of the cloaca along the mid line. 

The number denotes the length of the supernumerary trees, representing in mm*.,’ 
while the letters f and b mean “ forward ” and backward ” respectively, showing 
the direction they take. 


Gerould did not mention these supernumerary trees in his admirable 
work entitled “Anatomy and Histology of Caudina arenata Gould ” (1896, 
pp. 154-155), but he says in his personal correspondence addressed’irrMf 
H* Sato of our Institute “Theel’s Caudina arenata armata shows, in 
general, a similar arrangement of respiratory trees of that of C. arenata 
Gould, but a small (4 mm. long) bifid, supernumerary trees open into the 
cloaca on the posterior and ventral side of the base of the right tree, and 
three others of similar size open into the cloaca posterior and ventral to 
the left tree, close to one another along an anterior-posterior ventral line/’ 
Here I should like to add that a holothurian which was collected by 
Mr. S. Ohfuchi, at Kesennuma, Miyagi Prefecture, and which may be 
identified with the species belonging to the genus either Caudina or Mol- 
padia, also has six supernumerary trees, in this respect resembling Caudina 
chilensis. It may also be here mentioned that the species Molpadia roretzii 
(v. Marenzeller) which may be found in the waters near the Biological 
Station of Asamushi, is not provided with such supernumerary trees as is 
the case with other holothurians closely related to it, but it has two main 
respiratory trees, each giving off a branch posteriorly at a point slightly 
distant from the base of these trees. 
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5. Calcareous Ring 

In this stage the calcareous ring is more grown than in the previous 
stage, and its diameter measures about 0.9-1 .6 mm. 

6. Water-vascular System 

The stone canal (text-fig. 27, stx,) is fairly strongly twisted, and the 
madreporite (md), which is attached to its extremity, is rosette-like in shape. 


stx. 



Text-fig. 27. Caudina chilensis (J. 
Muller). The stone canal and the 
madreporite of the young in the fourth 
stage. 



Text-fig- 28. Caudina chilensis 
(J. Muller). The tip of the 
tentacle of the young in the 
fourth stage. 


Each of the tentacles is furnished at its tip with four digits of similar 
appearance (text-fig. 28), and the tentacular ampulla is very much elongated 
in this stage. 

In the early period of this stage there exist fifteen anal papillae placed 
in five groups, each consisting of .three papillae, i.e. a large primary papilla 
and two secondary ones (text-fig. 22). In the more advanced period of 
the same stage, two more tertiary papillae (text-fig. 29, p'".) may be added 
to each group, and thus the number of 
papillae attains to twenty five in all. In each 
group the largest primary papilla is situated 
close to the anus, while the smaller two 
secondary and two tertiary ones are placed 
outside the primary, in such a manner as 
shown in text-figure 29. 

7. Blood-vascular System 
In this stage, the blood capillaries (PL 

III, fig. 12, cap.) are conspicuously developed, 
and are mingled with the fine branches of 
the left dorsal branch of the left respiratory tree. i 

The efferent vessel also has put forth many side-branches. Further, ' 
the commissures have increased and are from three to five in number. I 

8. Genital Organ | 

The rudimentary gonad which first appeared in the right dorsal mesen-! 



Text-fig. 29. Caudina chilensis 
(J. Muller). Diagrammatic 
illustration of the arrangement 
of the anal papillae. 
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tery is subsequently constricted into two portions, both being attached to 
the above (PL III. fig. 13, text-fig. 30, g.). 

At the end of this stage each gonad 
gives off branches which grow larger, and 
afterwards a short gono-duct (text-fig. 31, 
g.d) common to both gonads appears between 
two layers of the right dorsal mesentery. 

The coelo-anal canal which was first men- 
tioned by Kawamoto as existing in the adult 
of the present holothurian (1927, p. 244) is 
not yet formed in such young forms as are 
dealt with in the present paper. 


SUMMARY. 

1. The young forms of Caudina chilensis 
after their embryological stage are divided 
into four groups. The first, second, third, 
and fourth stages are represented by indivi- 
duals of about 1-2 mm., 2-4 mm., 4“ 10 mm., 
and 10-30 mm. in total body length, respec- 
tively, and the tentacles are peculiar to every 
stage as regards their shape and number. The young of the last stage 
show external and internal features almost similar to those of the adult. 

2. The tail of the young is, at first, very short, but is gradually 
elongated. Sand grains cover the body surface all over in the first, second, 
and third stages, but in the fourth stage, the area covered by the sand 
grains is gradually diminished, until, finally it remains only at the proximal 
end of the tail. 

3. As in the case of the adult, the body wall consists of four layers, 
i.e. an outer epithelium, a layer of connective tissue, a muscular layer, and 
a thin inner epithelium. 

4. The calcareous bodies are first noticeable in the madreporite and 
in the connective tissue layer of the body wall. They cover the anal region 
in the young of the first stage, but in the later stages we also find them 
in the regions more anteriorly localized. 

5. Each of the longitudinal muscles is a single strand in the first stage, 
but in the next stage it shows some tendency to divide into a pair, and 


I'.d.m. 
— g. 


Text-fig. 30. Caudina chilensis 
(J. Muller). Diagram to show 
the gonad of the young about 
13 mm. long. 



Text-fig. 31. Caudina chilensis 
(J. Muller). Diagram to show 
the gonad of the young about 
30 mm. long. 
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it becomes very distinct in the fourth stage. 

6 The nervous system of the young consists chiefly of the nerve ring 
and five radial nerves. 

7. The alimentary canal of the young is nearly similarly formed as it 
is in the adult The features of the pharynx, stomach, and the intestine 
are almost similar to those of the adult. But the cloaca is very short in 
the early stage and it becomes gradually longer in the later stages relatively 
to the elongation of the tail. 

8. The peri-stomachal sinus becomes discernible in the second stage. 

9. The respiratory trees, the left and the right, which are formed 
early in the first stage, first of all, have no side branches, but in the fourth 
stage they are provided with many of these which look like those of the 
adult. 

The supernumerary respiratory trees which are observable in some 
species in Molpadiidae and in Cucumariidae first appear in the second stage 
of the young in the form of two bud-like protuberances arising from the 
base of the main respiratory tree. They are full grown in the fourth 
stage, and look like those to be seen in the adult. 

10. The calcareous ring is first formed in the very young animal in 
the first stage, and becomes gradually larger, its diameter increasing in 
the later stages. 

11. The water- vascular system is compai'atively well-developed in the 
young. The circular water canal, Polian vesicle, and the radial water 
canals are almost similarly formed as those of the adult- 

The stone canal is almost straight early in the young stage, but it is 
more or less twisted in the fourth stage. 

The madreporite is at first circular and smooth in outline, is studded 
with a small number of calcareous bodies, and, moreover, is directly attached 
to the body wall- But in the later stages it becomes rosette-like in shape, 
is covered with numerous calcareous bodies, and then it is freely set, not 
adhering to the body wall. 

As regards the tentacles, it may be stated as follows : in the first stage 
the secondary tentacles are formed in addition to the primary ones, and 
thus they are ten in number, each provided with two digits at the tip. 
The tertiary tentacles appear in the second stage, and the tentacles are 
now fifteen in number, and are all furnished with two digits at their tips. 
In the third stage two smaller secondary digits are added to each of these 
tentacles. These secondary digits gradually grow larger till they become 
like those in the primary, and thus, in the . fourth stage the tentacles have 
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an appearance similar to that of the adult. 

The ten tentacular ampullae are first formed at the bases of the primary 
and secondary tentacles in the second stage, and later in the third stage 
five more of those are formed at the bases of the tertiary tentacles. They 
are strongly elongated in the fourth stage. 

Five anal papillae appear as small projections situated at each radius 
in the first stage. They are primary papillae- At the end of the second 
stage, ten secondary papillae are added to the primary ones and then ten 
tertiary papillae are added in the fourth stage. Ihus the number of anal 
papillae become twenty five in all, and it is observed that they ai'e set 
in five groups, each consisting of five papillae. 

12. The dorsal blood vessel is represented only by the efferent vessel 
in the first stage. But, in the second stage it is differentiated into two 
Vessels, the afferent and the efferent. In the third stage, a number of 
capillaries appear arising from the afferent vessel. In the fourth stage, 
the dorsal vessel is fully developed and gives the appearance of being 
almost similar to that seen in the adult. 

The ventral blood vessel consists, in the first stage, of two vessels, each 
of which runs along the ventral side of the small intestine. Sooner or 
later one commissure develops between these two ventral vessels. The 
number of commissures increases in the advancing stages of growth. In 
the second, third, and fourth stages, there are from one to two, from two 
to four, and from three to five commissures, respectively. 

13. The gonad is formed first in the third stage as a small rounded 
body involved in the right dorsal mesentery. This body is constricted into 
two portions in the beginning of the fourth stage, and each grows larger 
giving off a number of branches. The rudimentary gono-duct is formed 
at the end of this stage. 

14. The coelo-anal canal is not observable in the young. 
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EXPLANATION OF THE PLATES. 

PI. IT. 

Fig. 1- Caudina chilensis (J. Muller). The body wall of the young about 2 mm. 
long. X 500. 

Fig. 2. The same. The cross section of the oral region of the young about 1.8 mm. 
long. X 100. 

Fig. 3. The same. The cross section through the x^harynx of the same as fig. 2. 

xlOO. 

Fig. 4. The same. The cross section through the middle portion of the body of the 
young about 2 mm. long. X 100. 

Fig. 5. The same. The cross section through the stomachal region of the young 
about 3.3 mm. long. X 60. 

Fig. 6. The same. The longitudinal section through the buccal region of the young 
about 3.5 mm. long, x 280. 

Fig. 7. Tlie same. The cross section of the body wall of the young about 6 mm. 
long, x 300. 

PI. Ill, 

Fig. 8. Caudina chilensis (J. Muller). The cross section of the dorsal blood vessels 
of the young about 6 mm. long. xlOO. 

Fig. 9. The same. The cross section of the gonad of the young about 8 mm, long 
x300. 

Fig. 10. The same. The cross section of the body wall of the young about 30 mm- 
long. X 100. 

Fig. 11. The same. The ventral view of the cloaca of the adult about 225 mm. long. 

Fig. 12. The same. The cross section of the rete-mirabile of the young about 20 mm. 
long. X 60. 

Fig. 13. The same. The ci^oss section of the gonad of the young about 13 mm. long- 
x300. 
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1. GLYCOGEN CONTENT OF THE ASCARIS, 

ASCARIS MEGALOCEPHALA Cloq. 
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INTRODUCTION. 

Intestinal worms are the only multicelluar animals known which nor- 
mally exist in absence of oxygen. Although they have no need to procedure 
heat, they require energy for other purposes, such as muscular movement, 
growth, and so on. They are, therefore, very instructive for investigation 
of anaerobic changes because of the fact that they live in the small intes- 
tine, where oxygen is almost absent and accordingly they are supposed to 
consume the glycogen stored in their bodies for their life phenomena. 

The most recent work on the glycogen content of ascaris is that of 
Weinland (1901-1906). He found that Ascaris lumbricoides contains a large 
quantity of glycogen (4.2-7.19^ in fresh worms and 20-34 9^ in dried matter 
of the worms) which is consumed in starvation, giving as product, in absence 
of oxygen, carbon dioxide and valerianic acid. As far as I know, however, 
there is no who has studied the anaerobic changes in Ascaris megaloc^kala. 

The present work was undertaken to determine the glycogen content 
and its distribution in the ascaris, Ascaris megalocephala Cloq., as the 
first step of investigations concerning the anaerobic changes of the animal. 

MATERIALS AND METHODS. 

The ascarides used in my experiments were found in the small intestine 
of horses employed for the anatomical researches for students in the 
Morioka Imperial College of Agriculture and Forestry. Some of the as- 
carides were also collected from the Morioka Slaughter-House. In this 
experiment only fresh, healthy specimens, varying in weight from about 
2 to 8 gms. in the females and from 2 to 3 gms, in the males, were used. 

The technique employed in the analytical procedure for the estimation 



66 


Y. TORYU 


of glycogen in the whole body was Pfluger’s method. The distribution 
of glycogen in the tissues of the worm was examined not only by a micro- 
chemical procedure, but also by a histological procedure. In the latter 
case, Best’s carmin stain was used for the tissues after fixation in Carnoy’s 
fluid. The ascarides collected were immediately used, since this investiga- 
tion requires the materials under the possible freshest condition. The 
worm was weighed directly after quickly wiping the body surface with a 
clean cheese cloth, and the tissues were separately dissected in a small 
shallow porcelain dish and weighed indirectly by difference in the weight 
of the dish with and without the sample. The samples thus obtained were 
digested in a 60 per cent solution of potassium hydroxide on a steam bath 
and the glycogen dissolved in it was precipitated by 70 per cent alcohol. 
The estimation of glucose following the acid inversion of the isolated 
glycogen from the whole body of the ascaris was made by Bertrand’s 
method. Folin-Wu’s colorimetric procedure, however, was used for the 
micro estimation of the converted glucose from glycogen in tissues of the 
ascaris. 


RESULTS OF THE EXPERIMENT. 

L Result obtained for the glycogen estimation on the whole body. 
Glycogen content in the whole body of the ascaris, was determined from 
January to November, 1931. The result is as follows : In Table I are 
given the results obtained in the fresh females, in Table II the results in 
the fresh males, and in Table III the results obtained in the dry matter 
of the worm. 


Table I. 

Glycogen contents in the whole bodies of fresh female ascarides. 


Date 

(1931) 

Body weight 
in gms. 

Glycogen 
in mgms. 

Percentage 

Feb. 8. 

1.70 

40.780 

2.400 


2J5 

65.560 

o 

o 

M 

2.55 

70.452 

2.763 


4.18 

161.444 

3.862 


4.40 

149.320 

3.394 

April 20. 

' 6.73 

283.715 

4.229 


6.81 

1 317.625 

i.m 

- ' 

8.12 

375.335 

4-622 
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Date 

(1931) 

Body weight 
in gms. 

Glocogen 
in mgms. 

Percentage 

June 12. 

4.00 

157.590 

3.939 


4.18 

179.444 

4.261 

» 

5.15 

211.150 

4.100 

July 25. 

4.36 

141.254 

3.237 


4.75 

153.820 

3.236 

Nov. 11. 

3.65 

137.600 

3.770 

» 

3.84 

157.330 

4.097 

.> 

6.00 

232.004 

3.867 

July 6. (1932) 

4.18 

179.444 

4.261 

Average 



3.747 


Table II 

Glycogen contents in the whole body of fresh male ascarides. 


Date 

(1931) 

Body weight 
in gms. 

Glycogen 
in mgms. 

Percentage 

Feb. 8. 

1.68 

51.404 

3.128 

I V 

1.70 

49.695 

2.912 


1.85 

56.547 

3.057 

April 20, 

1.40 

34.703 

2.478 

,, 

1.55 

39.318 

3.417 


2.40 

72.940 

3.039 

June 12. 

0.90 

31.520 

3.502 

>> 

1.50 

33.307 

2.220 

Nov. 11. 

1.50 

36.860 

' 2.456 

,, 

1.75 

54.482 

3.113 

Average 



2.917 


As seen in Table I, II and III, Ascaris megalocephala contains a great 
amount of glycogen. Comparing Table I with Table II, there appears a 
wide variation in the glycogen content between the female and the male, 
the former showing a greater amount than the latter. The value in the 
female ascaris is on the average about 3.75 per cent in the fresh, whole 
body, corresponding to 23 per cent in the dry matter of the worm, and 
that in the male ascaris is on the average about 2.9 per cent in the fresh, 
whole body, corresponding to 15 per cent in the dry matter. 

Kobayashi and Okasaki (1929) found that the glycogen content in 
the oyster varies widely, not only with the seasons but also with the 
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12345678 


Body weight in gms. 

Fig. 1. Showing wide variations in the glycogen content among the 
individuals of female ascarides. 

individuals. Weinland (1901) observed that the glycogen content in 
Ascaris lumbricoides shows no variation with the seasons nor with the 
individuals. He estimated about 5.5 per cent for summer and 5.3 per cent 
for winter. In my experiment on Ascaris megalocephala, no seasonal 


Table III. 

Glycogen content in the dry matter of Ascaris megalocephala 
and water content in the worm. 


Date 

(1932) 

Body 
weight in 
gms. 

Dry matter 
in gras. 

Olycogen 
content 
in the dry 
matter in 
gms. 

Percentage 
of glycogen 
in the dry- 
matter 

Water 
content in 
gms. 

Percentage 
of water 
content 

April 25 

6.725 

1.284 

282.735 

20.020 

5.445 

80.920 


6.730 

1.276 

329.085 

25.781 

6.464 

81.040 

» ' 

7.249 

1.502 

319.875 

21.296 

6.747 

79.280 


8.220 

1.600 

375.335 

23.468 

6.620 

80.540 

July 6 

2.168 

0.418 

96.086 

22.954 

1.752 

80.813 

.r 

2.169 

0.418 

89.873 

21.552 

1.753 

81.236 


2.285 

0.473 

105.875 

22.161 

1.812 

79.300 


3.504 

0.680 

166.860 

24.615 

2.824 

80.694 


4.114 

0.803 

194.670 

24.367 

3.311 

80.481 
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Date 

(1932) 

Body 
weight in 
gms. 

Dry matter 
in gms. 

Glycogen 
content 
in the dry 
matter in 
gms- 

Percentage 
of glycogen 
in the dry 
matter 

Water 
content in 
gms. 

Perentage 
of water 
content 

July 6 

4.254 

0.810 

198.305 

24.593 

3.444 

80.959 

Average 




23.068 



April 25 

1.862 

0.449 

53.303 

14.099 

1.413 

75.886 


2.104 

0.480 

63.962 

13.321 

1.624 

77,186 


2.120 

0.4S7 

73.236 

15.038 

1.633 

77.028 


2.308 

0,557 

88.992 

15.977 

1.753 

76.127 

July 6 

1.275 

0.255 

38.934 

17.980 

1.020 

80.000 

t Average 




15.283 


1 


variation is found in both the female and the male. There are, however, 
wide ranges of variations in the content of glycogen among the individuals 
of female ascarides, showing a greater amount of glycogen in the adult 
specimen than in the young one, as is shown in Table I. and Fig. 1. No 
remarkable variations in the glycogen content among the male individuals 
are found as seen in Table II. 

It seems highly probable that a great amount of glycogen found in a 
large female ascaris is associated with the glycogen stored in the repro- 
ductive system of the worm. This will be fully discussed under the section 
Result obtained for the distribution of glycogen.” 


Table IV. 


Host 

Parasite 

Glycogen content in % 

Investigators 

Sheep 

Tenia expansa 

1.5- 4.7 (in fresh body) 
15.0-47.0 (in dry matter) 

WeinlaND 

Human and 
pig 

Ascaris sp. 

2.0 (in fresh body) 

Foster 

Ascaris lumhricoide^ 

4.2- 7.1 (in fresh body) 
20.0-47.0 (in dry matter) 

Weinland 

Horse 

Ascaris megalocephala C-^) 

(?) 

2.4- 4.7 (in fresh body) 

20.0- 25.0 (in dry matter) 
2.2- 3.4 (in fresh body) 

13.0- 17,0 (in dry matter) 

i Toryu 

- 

Styrongylus vulgaris 

3.5 (in fresh body) 

Toryu 

” 

Fildria equina . 

2.4 

2.0 

Toryu 
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To compare the glycogen content in Ascaris megalocephula with that 
of several other parasites which had been determined by several investiga* 
tors, Table IV is given. : 

As is shown in Table IV, glycogen content in Ascaris rnegalocephala 
is about 4.7 per cent at the highest and never so high as the value in 
Ascaris lumbricoides found by Weinland, but is of much the same order 
as that found for Ascaris sp. by Foster and that for Tenia expansa. It 
will be noticed in the same Table that the glycogen content in Ascaris, 
Strongylus and Tenia living in the intestine is greater than that in Filaria 
living in the coelom of the horse. 

The variations in glycogen content among several kinds of worms given 
in Table IV are probably due to the specificities of the worms used on 
one hand, and to the nature of liquid arround them owing to the diet of 
their host or to the living place of the worms on the other hand. 

As regards water content in Ascaris, ' Wein)L AND (1901) estimcited 
from 79.5 to 80.1 per cent of water in Ascaris lumbricoides. In my 
experiment in Ascaris rnegalocephala, as is shown in Table III, water 
content in the female is about 79 to 80 per cent,^ showing a good 
agreement with that of Ascaris lumbricoides found by Wei^^LAND jiist 
stated. The male contains a somewhat less amount of water , than , the 
female, estimating about from 75 to 80 per , cent. , 

II, Result obtained for the distribution of glycogen. The data obtained 
from 8 individuals in chemical procedure are separately given in Table V. 

Foster (1865) suggested that the glycogen in ascaris is chiefly stored 
in the muscle. In my experiment on Ascaris rnegalocephala, as will be 
seen from Table V, the amount of glycogen contained in the muscle of the 
female is on the average about 5.8 per cent of the muscle weight or about 
70 per cent of the total glycogen in the whole body, and that of the 
male is estimated on the average about 5.0 per cent of the muscle weight, 
corresponding to 95 per cent of the total glycogen in the whole body. In 
the female ascaris, glycogen is also contained in the reproductive system, 
especialy in the ovary ; the amount in which varies widely with the indivi- 
duals, varying from about 4,7 to 9.5 per cent of the tissue weight or from 
about 15,0 to 30.0 per cent of the total glycogen in the worm ; the large 
one shows a greater value than the small one. Reproductive system of 
the male, however, contains only a very small amount of glycogen. 

From the result obtained in the ovary just stated, I consider that the 
female ascaris contains a greater amount of glycogen than the male ascaris 
as already stated is mostly due to the fact that the reproductive organ of 



GLYCOGEN CONTENT OF ASCARIS 


71 


Table V. 


Body weight 
in gms. 

Tissue 

Tissue weight 
in gms. 

Glycogen 
content in 
mgms- 

Percentage 

Percentage 
against the 
total glycogen 


Muscle 

1.195 

50.304 

4.783 

64.436 


Intestine 

0.350 

1.125 

0.322 

1.288 

3.8 W 

Ovary 

0.460 

21.113 

4.546 

24.161 


Uterus 

0.580 

8.840 

1.345 

10.116 


Muscle 

! 1.20 

69.060 

5.750 

53.772 


Intestine 

0.38 

2.450 

0.645 

1.908 

3.92(+) 

Ovary 

0.41 

26,800 

6.637 

20.861 


Uterus 

0.61 

9.120 

1.495 

7.100 


Muscle 

1.77 

139.996 

7.910 

71.129 


Intestine 

0.46 

5.840 

1.269 

2.967 

4.0 C+) 

Ovary 

0.40 

26.664 

7.410 

15.072 


Uterus 

0.90 

21.321 

2.369 

10.833 


Muscle 

1.92 

104. 2SS 

5.431 

75.. 522 


Intestine 

. 0.52 

3.115 

0.599 

2.256 

4.9 (.^3 

Ovary 

0.39 

17.673 

4.516 

13.523 


Uterus 

0.81 

13.000 

1.605 

9.636 


Muscle 

2.38 

112.000 

5.126 

56.593 


Intestine 

0.90 

3.806 

0.435 

1.923 

6.8 (4-) 

Ovary 

0.74 

70.928 

9.463 

35.840 


Uterus 

1.02 

11.170 

1.095 

5.644 


Muscle 

0.74 

32.900 

4.446 

95.807 

l.STfJ-,' 

Intestine 

0.15 

0.640 

0.427 

1.864 


Reproductive system 

0.17 

0.800 

0.781 

2.327 


Muscle 

0.74 

36.640 

4.961 

97.577 


Intestine 

0.13 

0.810 

0.623 

2.157 


Reproductive system 

0.16 

0.100 

0.063 

0.266 


Muscle 

* 1.05 

55.620 

5.297 

96.168 

1.49Ct) 

Intestine 

0.20 

1.391 

0.695 

2.340 


Reproductive system 

0.12 

0.825 

0.695 

1.427 


Muscle • • • • including cuticula, subcuticula and muscle cells. 

Intestine . including oesophagus, mid and hind guts. 

Reproductive system ■ - including testis, vas deferens, seminal vesicle and ejacula- 
tory duct. 
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the female contains a great amount of glycogen, while that of the male 
contains only a small amount, and furthermore that the value of glycogen 
content in the large female is higher than that in the male is also closely 
associated with more or less amount of glycogen stored in the reproductive 
system, especially in the ovary of the worm used. 

III. Result obtained in a histological procedure for the distribution of 
glycogen. The result obtained in analytical result was tested by a histo- 
logical procedure. As a fixing agency Carnoy’s fluid was used. Celloidin 
for imbedding were employed to prevent the glycogen from dissolving into 
water. Sections were taken through the regions containing sexual organs, 
and were stained with Best’s carmin fluid. Microscopic examination was 
made on the sections thus treated. 

Stained with Best’s carmin solution glycogen appeared microscopically 
in the form of small red granules. Contrasting amount of the glycogen 
granules in tissues given in Table VI shows a good agreement with the 
analytical result as already stated. 


Table VI. 

Contrasting amount of glycogen content in tissues. 


Sex 

Body wall 

Genital orj^an 


Cuticula 

Sub- 

cuticula 

Muscle 

Oogonia or 
spermatocyte 

Oocyte or 
spermatocyte' 

Ovum or 
sperm 

Intestine 

1 


++ 


m 

' 

4H 

+ 

+ 



4+ 


4- 


- 

1 


•H+, 4f, Descending degrees of the amount of glycogen. 


Microscopically the non-contractile substance of the muscle cells ar-e 
filled with glycogen granules, uniformly distributing through the cytoplasm, 
while no glycogen granules are found in the contractile substance of the 
cells (Fig. 1). 

Remarkable variations are observed in the glycogen content among the 
cells in the reproductive organs of the female ascaris. Developing young 
cells, such as, oogonia and oocyte, are richly supplied with glycogen granules 
so that the whole cut surface of the section of the ovary assumes an 
intense red color (Fig. 1.), adult cells in the uterus, however, store a small 
amount of glycogen (Fig. 3.). Glycogen granules are also seen in the 
{ytoplasm of spOTnatogonia, though the amount is considerably less than 
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in the cytoplasm of oogonia. No glycogen is seen in the cytoplasm of 
^ spermatocytes and spermatids in the vas deferens and the seminal vesicle, 
showing a negative reaction with Best’s carmine stain. Flagelated epithe- 
lial cells on the wall of vas deferens and seminal vesicle are supplied with 
glycogen in some measure as in the epithelial cells of uterus. 

A small amount of glycogen is also observed in the epithelia of the 
intestine, where glycogen granules are located in the central portion of 
the cylindrical cells of the intestine. 

It was necessary to test whether the red granules in tissues stained 
with Best’s carmine are glycogen or not, because Best’s carmine method 
also stains the mucin in certain cells and some granules which are not 
glycogen. For this purpose, some of the sections were immersed for 12 
hours in a 1 per cent solution of panctase (Sato), and then stained with 
carmine. In sections thus treated, no red granules were found (Fig. 4). 


SUMMARY. 

The results obtained in this investigation may be summarized as follows ; 

1. The female contains a greater amount of glycogen than the male ; 
namely, the female shows on the average about 3.8 per cent of it in the 
fresh whole body, corresponding to 23 per cent in the dry matter of the 
animal, while the male shows 2.9 per cent in the fresh whole body, corres- 
ponding to 15 per cent of the dry matter. 

2. There are wide ranges of variations in the content of glycogen 
among the female individuals ; the adult ascaris contains a greater amount 
of glycogen than the young one. In the male, however, no remarkable 
variations are found, 

3. The glycogen content in the ascaris shows no seasonal variation. 

4. The greatest amount of glycogen in the ascaris is stored in the 
non-contractile substance of the muscle cells, estimating about 70 per cent 
of the total glycogen in the female and 95 per cent in the male, while 
the contractile substance of the muscle cells contains no glycogen. 

5. Reproductive system of the female ascaris also stores a great amount 
of glycogen, estimating about 20 per cent of the total glycogen in the 
worm ; the greatest amount is stored in the developing young feggs. Repro- 
ductive system of the male, howev^, contains only a small amount of 
glycogen. 

Before leaving the subject, I wish to express my hearty thanks to 
Prof. S. Hatai for his valuable suggestions and criticism throughout the 
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the entire course o£ this work. My thanks are also due to Mr. H.-Iwata, 
Prof, of The Morioka Imperial College who helped me with much kindness- 
during this work and to Mr. H. Tsuji who helped me to take the micro- 
scopic photograph. 

This work is executed with the aid of “The Saito Gratitude Foundation”. 
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EXPLANATION OF PLATE 

Fig. 1. Ovary. xlOO. (Oogonia and oocytes are richly supplied with glycogen'). 

Fig. 2. Body wall. X 80. (Non-contractile substance of the muscle cell containing a 
great amount of glycogen is surrounded by contractile substance containing 
no glycogen.) 

Fig. 3. Uterus. X 80. (Adult eggs contain a small amount of glycogen.) 

Fig. 4- Body wall treated with If a solution of panctase. x80. (Glycogen is digested.) 
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During the months of July and August, 1931, which were spent at 
the Marine Biological Laboratory of Tohoku Imperial University near 
Asamushi, Japan, the sessile medusoid scyphozoan, Haliclystus auricula 
Clark, was found in considerable numbers on brown algae near the 
laboratory. In the course of experiments with the species it 'was dis- 
covered that it possesses rather remarkable capacity for reconstitution. 
Further experiment showed that the development of a new individual 
from an isolated piece in this species is of interest not merely as a case 
of reconstitution in a medusoid scyphozoan, but also from the comparative 
standpoint in relation to the general conception of reconstitutional de- 
velopment. The experiments also bring to light certain facts of impor- 
tance concerning physiological dominance. 

I desire to acknowdedge my deep indebtedness to Dr. Hatai, Director 
of the laboratory and to Dr. Kokubo and other members of the staff for 
placing at my disposal the facilities of the laboratory and for many 
personal kindnesses. 

MATERIAL. 

The animals were fairly abundant on brown algae along shore in 
the vicinity of the laboratory. The largest individuals were 20-25 mm. 
in length when extended and about 15 mm. in marginal diameter of um- 
brella, the smallest used as experimental material, 10-12 mm. in length 
and 7—8 mm. in marginal diameter. Fig. 1 is a diagrammatic outline 
of the animal showing the eight adradial marginal lobes bearing the 
tentacle groups, the eight marginal sensory-adhesive organ-complexes, 
commonly called marginal anchors (an). Four of these are perradial, 
four interradial. The gonads {go) of one side of the body and two of 

O Contributions from the Marine Biological Station, Asamushi, Aomoriken, No. 99* 
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Fig. 1. — Diagrammatic outline of Haliclystus. AA-EE, various levels of transvei'se 
section; FF, GG, approximate plane of section in two cases of oblique section; XX, 
YY, Line of section in two cases of removal of a few marginal organs; an, marginal 
anchor; go, gonad; S, septum. 

the interradial septa (s) are also indicated in the figure. The manubrium 
is outlined in dotted line. In description of results of experiment the 
various marginal organs are distinguished as : marginal lobes bearing the 
tentacler groups ; marginal anchors, the sensory-adhesive organ-complexes 
between the marginal lobes. These organs correspond in position to the 
perradial and interradial tentacles of the scyphistoma and the tentaculocysts 
of other scyphozoa and are undoubtedly homologous to them. When the 
animals are in good condition the tentacle-groups show almost continuous 
movement and the marginal lobes may also contract and extend or bend. 
The whole umbrella and stalk are also highly contractile ; the subumbrellar 
cavity may be almost completely closed by contraction of the margin ; 
the umbrella may be everted; the whole body may undergo sudden 
jerking contractions, chiefly longitudinal but usually with circular contraction 
of the mm:gin ; these sudden contractions occur in response to mechanical 



RECONSTITUTION IN HALICLYSTUS 


77 


or other stimuli and often without perceptible external stimulation. 

In general the animals lived in the laboratory up to three weeks and 
in some cases four weeks without feeding. They were kept in standing 
water either singly or several together in bowls holding about 250 cc., 
covered with glass plates to decrease evaporation or in lots of ten in 
larger containers. Under these conditions it was observed that the death 
rate was usually lower when the water was not changed during a week 
or more and change of water was often followed by death. It was not 
determined what factors were involved in this apparently injurious effect 
of fresh sea water. In all cases animals were used for experiment within 
at most a few hours after collecting. Feeding was not attempted and in 
the absence of food a rapid decrease in size occurs, particulaidy in the 
animals undergoing reconstitution. Even in the absence of food, how- 
ever, individuals of essentially normal proportions but of much smaller 
size than the original animal often resulted from reconstitution, but in 
some cases, particularly at the more proximal body-levels, reconstitution 
was slow and incomplete and reduction of the animal to small size, 
sometimes only 2-3 mm. in length, may occur without attainment of 
normal proportions. 

The operations consisted in: (1) transverse section at different levels 
of umbrella and stalk ; (2) oblique section through the umbrella with 
removal of all tentacle-groups and marginal anchors ; (3) oblique section 
through the umbrella with removal of 5-7 tentacle-groups and 5-8 
marginal anchors ; (4) removal of 2-4 tentacle-gi'oups and 1-3 marginal 
anchors. Losses of material from high temperature occurred at times 
during August and by the end of that month the animals had almost 
completely disappeared from the localities in which they had previously 
been found. This disappearance may have been due to high temperature 
of the surface water. 

Dilute sea water, 75 and 40 per cent, was used with two lots, ten 
each, of stalks separated from the umbrella and observations on differential 
susceptibility to KCN, tap water, distilled water and methylene blue and 
on the indophenol reaction were made. 

All figures of reconstitution are drawn from individuals but are more 
or less diagrammatic. No attempt has been made to show the exact 
number of tentacles in the original tentacle-groups or in reconstituted 
groups consisting of a considerable number of tentacles, but in all figures 
of earlier stages and of cases in which the reconstituted groups are 
represented by one, or a small number of tentacles the exact number is 
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shown in the figures. Also the number and relative sizes of the marginal 
anchors are showm in each case. Since the paper is primarily concerned 
with the general form changes and the development and relations of the 
marginal organs, rather than with the internal organization, gonads and 
septa are not indicated in most of the figures. 


EXPERIMENTAL. 

Transverse section at different levels of the umbrella. A total of 56 
animals were divided by transverse section at various levels of the umbrella 
as indicated approximately by the lines AA^ BB, CC in Fig. 1. In no 
case did the distal pieces show any indication of reconstitution of parts 
removed or of any reorganization, so far as could be determined and all 
of them died within 2-3 days after section. Of the 56 proximal pieces 
32 died within 3-5 days after section. Thirty of these deaths occurred 
in early experiments in which all animals in certain containers died. Among 
the 26 pieces of later series only two deaths occurred before development 
had reached advanced stages. 

When only the distal portion of the umbrella is removed the new 
tentacle-groups and marginal anchors are visible on the distal margin of 
the proximal piece in two to three days after section and in eight to ten 
days the piece approaches the normal animal in form but is of smaller 
size, the marginal lobes are not fully developed and the number of 
tentacles in each group is less than in the original animal. 

The results of transverse section near the middle levels of the umbrella 
are very similar to those at distal levels, the chief difference being that 
development of the distal parts is in general slightly less rapid than at 
the more distal levels of section. Since reconstitution at the distal and 
middle levels of the umbrella is essentially similar in character to cases 
at more proximal levels which are described and figured below, figures of 
the results of section at the distal and middle levels are regarded as 
unnecessary. 

After transverse section at levels of the umbrella proximal to the 
middle, CC, Fig. 1, reconstitution is in general somewhat less rapid than 
at the middle level. The case showing the most rapid reconstitution is 
shown in Figs. 2 and 3 at, :the stage attained three days after section. 
Two tentacles are present in each group except one and marginal anchors 
are developing, but the perradial archors ai*e distinctly in advance of the 
interradial (Fig, 3). A large part of the .manubrium is present in this 
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Figs. 2-6. — Reconstitution after section in proximal umbrellar region. Fig. 2, 
most advanced case 3 days after section. Fig. 3 oral view of individual shown in 
Fig. 2. Fig. 4, usual stage of development 6 days after section. Fig. 5, oral view of 
an individual 16 days after section; only 4 perradial anchors present; eateh tentacle 
group represented by a single tentacle. Fig. 6, an individual which developed only 
two tentacles and no anchors. 

individual because the manubrium contracted strongly at the time of 
section so that most of its length was proximal to the level of section. 
Fig. 4 shows the stage usually attained 3-4 days after section. Here only 
one tentacle in a very early stage of development represents each group 
and only perradial marginal anchors are present. Pieces like Figs. Z and 
4 continues to develop, the umbrella increases and the stalk decreases in 
relative size while the whole decreases in absolute size, the tentacles of 
each group increase in number, the marginal lobes gradually develop and 
interradial anchors attain the same size as the perradial. Fifteen days 
after section such animals are much reduced in size, often only 4-6 mm. 
in length but approach intact animals in form and proportions, have 
several tentacles in each group, short marginal lobes and the full number 
of anchors. Some pieces (20 per cent) showed less complete reconstitution. 
For example. Fig. 5 shows the outline in oral aspect of a proximal piece 
sixteen days after section in the proximal umbrellar region. A single tentacle 
represents each group and only perradial anchors are present. No further 
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development occurred in this case. The case shown in Fig. 6, also sixteen 
days after section, developed only two tentacles and no marginal anchors. 
In a third case one tentacle-group, in a fourth, three groups did not 
develop at all These cases of incomplete reconstitution do not throw 
any light on the conditions determining the failure of certain parts to 
develop. 

Trnsverse section at the junction betiveen umbrella and stalk. Thirty 
individuals were sectioned at the junction between umbrella and stalk 
(DD, Fig. 1). Of these ten were kept in normal sea water, ten each in 
75 per cent and 50 per cent sea water. Of the ten proximal pieces, 
stalks only, in normal sea water five developed the full number, eight, of 
tentacle-groups and anchoi's and five were incomplete, 1-4 tentacle-groups 
and anchors being absent. Fig. 7 shows the most advanced case six days 
after section. Each tentacle-group is represented by only one tentacle in 
an early stage and the perradial anchors are more advanced than the 
interradial in development. In only one other piece of the ten were 
tentacles visible six days after section. Reference to the preceding section 
and comparison of Figs. 7 and 3 shows that reconstitution at the level of 
the junction between umbrella and stalk is slower than at the proximal 
umbrellar level. 

Figs. 8, 9 and 10 show individuals reconstituted from stalks sixteen 
days after section. The differences in size result from differences in 
original size of the stalk and differences in rate of reduction. Evidently 
the stalk alone is capable of reorganizing into a complete individual. The 
umbrella arises, not by the outgrowth of new tissue from the cut surface, 
but by the reorganization of the distal portion of the stalk. 

In the ten stalks in 75 per cent sea water reconstitution was some- 
what retarded, at least in the later stages. Six days after section therc^ 
was no marked difference between the stalks in normal and those in 75 
per cent sea water, but sixteen days after section both retardation and 
development of a smaller number of marginal organs in 75 per cent 
than in normal sea water were evident. At that time only one animal in 
dilute sea water showed the full number or tentacles and anchors, as in 
Fig. 10. Two showed four perradial, no interradial anchors and four 
tentacle-groups, each probably double, that is, consisting of two groups 
close together without anchors between them. Four others were incom- 
plete, one with only two tentacles on opposite sides and no anchors, one 
with four tentacle-groups and anchors on one side of the margin and none 
on the other, one with five tentacle groups and five anchors and one with 
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Figs. 7-12. — Reconstitution of stalk. Fig. 7, most advanced case 6 days after 
section; perradial anchors more advanced in development than interradial. Figs. 

8, 9, 10, individuals reconstituted from stalks at stage 16 days after section- Fig. 

11, oral view of stalk reconstitution in 50 per cent sea water for 6 days following 
section, then 10 days in normal sea water; development of interradial anchors 
completely inhibited and tentacle-groups approximated to interradii. Fig. 12, maximum 
development after 16 days in 50 per cent sea water. 

no trace of tentacles or anchors although transformation of the distal 
part of the stalk region into an umbrella had taken place. Three of the 
ten had died. 

In the ten stalks in 50 per cent sea water no reconstitution beyond a 
slight enlargement of the distal part of ’ the stalk, that is, the beginning 
of development of an umbrella, took place during six days. At that time 
five individuals were returned to normal sea water and five remained in 
50 per cent. Fifteen days after section only two of those returned to 
normal sea water were alive. Both showed four tentacle-groups and four 
perradial anchors (Fig. 11), The internal structure of the animals shows, 
however, that each of the pairs or double pairs of tentacles represents 
two tentacle-groups, the interradial parts of the margin and the interradial 
anchors having failed to develop as in some of the animals in 75 per 
cent sea water. Figs. 2-5 above show cases of reconstitution in normal 
sea water in which the interradial anchors are either smaller than the 
perradial (Figs, 2, 3) or entirely absent (Figs. 4, 5). Figs. 5 and 11 are 
very similar, but in Fig. 5 the interradial region is less completely inhibited 
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than in Fig. 11. In both of these cases development did not proceed 
further than the stage of the figures. 

Of the five stalks which remained in 50 per cent sea water four were 
alive after fifteen days. Fig. 12 shows the condition of the most advanced 
of these. The four perradii are indicated by elevations of the margin 
which probably represent very early stages of the anchors, but no tentacles 
are present. The oral surface shows merely a slight depression without 
manubrium. The three others show merely a slight enlargement of the 
distal stalk region. According to these few data dilution of sea water 
retards or almost completely inhibits reconstitution. The point of chief 
interest, however, is that interradial development is more inhibited than 
perradiaL The retardation or inhibition of interradial development which 
was observed in normal sea water in some cases including the proximal 
umbrellar region and in some of stalks only . appears in more extreme 
form in these stalk reconstitutions in 50 per cent sea water. 

In none of the thirty cases of section at the junction of stalk and 
umbrella did the distal pieces, the umbrellas, show any indication of 
development of a stalk and all of them died within a week. 

Transverse section at middle of stalk. Twenty animals were sectioned 
approximately at the middle of the stalk {EE, Fig. 1). All proximal 
pieces (proximal halves of stalks) were alive after six days, but only three 
showed tentacles and anchors. Figs. 13 and 14 show the most advanced 
cases six days after section. Each tentacle-group is represented by a 
single tentacle, only perradial anchors are present and the manubrium has 
not yet developed. The case of Fig. 14 shows more advanced tentacle 
development than Fig. 7 which consists of the whole stalk, but in Fig. 
7 interradial anchors and manubrium are present, in Fig. 14 absent. Ten 
days after section 13 of the proximal stalk-halves were alive. Seven of 
these were small complete individuals 4“*8 mm. in length with eight tentacle- 
groups of one to several tentacles each and eight marginal anchors. 
These were essentially similar to Fig. 10. In the other six 1, 4, 4, 3, 6, 8 
tentacle groups and 1, 4, 4, 0, 4, 6 anchors were absent. In the last 
case in which all tentacle-groups and six anchors were absent the distal 
end was slightly enlarged and slightly concave and the two marginal 
anchors were diametrically opposite. After sixteen days ten of the proximal 
individuals were alive, five complete individuals. After twenty-five days 
three were still alive and 3-7 mm. in length. 

The distal pieces including umbrella and half the length of the stalk 
did not die as early as when the level of section was farther distal. After 



RECONSTITUTION IN HALICLYSTUS 


83 



Figs. 13-16. — Reconstitution from middle of stalk. Fig. 13, most advanced case 
6 days after section; only perradial anchors present. Fig. 14, usual stage 6 days 
after section; only perradial anchors present. Fig. 15, slight development of foot- 
like structure at aboral end of distal piece consisting of umbrella and distal half 
of stalk; 10 days after section. Fig. 16, bipolar form from distal half of stalk; 7 
days after section. 

ten days eleven, after sixteen days ten were still alive but none had 
developed a foot or become attached. The only indications of proximal 
reconstitution were a flattening of the proximal end of the stalk and 
slight changes in the internal structure of that region (Fig. 15). These 
changes undoubtedly represent the beginnings of development of a foot, 
but a functional foot did not develop in any case. The extreme slowness 
and slight degree of aboral as compared with oral reconstitution is of 
considerable interest but discussion is postponed to a later section. 

Transverse section of the stalk into distal and proximal halves. In 
seven cases the stalk was separated from the umbrella and then cut into 
distal and proximal halves. Seven days after section two of the distal 
halves were alive and one of them was bipolar (Fig. 16). One end showed 
four perradial anchors developing and a single tentacle, the other end 
three perradial anchors and also a single tentacle obliquely opposite to 
the tentacle on the other end. No further development occurred and 
three days later the piece was dead. The other distal piece became an 
almost spherical mass without any indication of tentacles or anchors. 

Of the proximal stalk-halves four were alive after seven days and 
showed the following characteristics : (1) 2-3 mm. in length, approaching 
typical proportions, 8 tentacle-groups, 7 anchors ; (2) 3 mm. distal surface 
slightly oblique, 6 tentacle-groups, one tentacle each, 3 paradial, 2 
interradial anchors, all on more distal parts of oblique surface, no develop- 
ment on most proximal part; (3) Emm-, distal ^rface oblique, 4 
tentacle-groups represented by minute buds on distal half of surface of 




84 


C, M. CHILD 


section, no development on proximal half ; (4) 2 mm., 4 perradial elevations 
on distal end (as in Fig. 12). In all cases the distal portion of the half- 
stalk underwent enlargement into the form of an umbrella. 

This series was run during the period of high temperature in August 
and the higher death rate and less complete reconstitution than in the 
proximal stalk-halves described in the preceding section was undoubtedly 
due to the temperature. In the hope of obtaining further data, par- 
ticularly concerning bipolarity other series of distal and proximal stalk- 
halves and also of thirds were prepared but all pieces died without 
reconstitution, also apparently from the high temperature. 

Oblique section through the umbrella with removal of all marginal 
organs. It soon became evident in the course of the experiments that in 
general the farther proximal the level of section the slower the reconsti- 
tution of the proximal piece and the greater the frequency of incomplete 
reconstitution. Since the difference in rate appeared to be an expression 
of an apicobasal gradient oblique sections through the umbrella at various 
angles removing all tentacle-groups and anchors were made (for example, 
FF, Fig. 1) in the belief that the differences in rate would appear at the 
different levels of the oblique surface of section in the single piece. In 
all individuals sectioned in this way the difference in rate appeared. 
Reconstitution occurred most rapidly on the highest (most distal) portion 
of the oblique surface. But another still more important result appeared 
in these cases. Reconstitution not only decreased in rate from the more 
distal to the more proximal levels, but the stage of development attained 
was most advanced at the most distal levels and i^rogressively less advanced 
at more proximal levels and, except in one case in which the plane of 
section was only slightly oblique, tentacle-groups and anchors did not 
develop at all on the most proximal levels of the oblique surface of 
section. Figs. 17 and 18 show cases of this sort six days after section. 
In Fig. 17 seven anchors and five tentacle-groups are present. The 
tentacles are most numerous and most advanced in development in the 
two groups on the upper side of the oblique distal surface and on the 
lower side three groups are absent. In the case of Fig. 18 five anchors 
and four tentacle-groups are present and show a similar gradation in size 
and developmental stage. Fig. 19 shows the distal aspect of another case 
six days after section. Here six anchors and five tentacle-groups have 
developed. The three most distal groups are most advanced in develop- 
menty three groups on the lower (more proximal) are absent and two 
marginal anchors at the most proximal level are side by side. 
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Figs 17“20. — Reconstitution after oblique section through umbrella with removal 
of all parts of original margin. Figs. 17, 18, 6 days after section showing inhibiiion 
of marginal organs ajt most proximal levels of section. Fig. 19, oral view of another 
case 6 days after section. Fig. 20, individual shown in Fig, 18 as it appeared 16 
days after section. 

The most interesting result of these experiments, however, is that 
marginal organs which were absent 6-8 days after section were perma- 
nently absent. In no case was development completed at the more prox- 
imal levels. Fig. 20 shows the distal aspect of the same individual as 
Fig. 18 at a stage ten days later (16 days after section). Comparison of 
the two figures shows that no additional tentacle groups or anchors have 
appeared during the ten days. The animal retains the bilateral symmetry 
of the earlier stage. Four days later the condition was the same and at 
that time disintegration was beginning. 

In most cases some decrease in number of marginal organs occurred 
after 10-12 days and in all such cases it was the smaller less developed 
organs of the more proximal levels which were resorbed or atrophied, 
while the largest, most highly developed organs of the most distal levels 
persisted. 

Table I gives the numerical data for tentacle-groups and anchors of 
the nine individuals which showed reconstitution. The individuals of this 
series were not kept separately and at 20 days after section the disap- 
pearance of some of the tentacle-groups and anchors made recognition 
of some of the individuals uncertain. It is possible, therefore, that in 
some cases an error has been made in identifying a particular individual- 
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Table I. 

Reconstitution after removal of all tentacle groups and 
anchors by oblique plane of section through umbrella. Ten 
individuals: one showed no reconstitution of marginal organs 
and is not included in the table. 



7 days 

20 days 

Indivicluiil 

number 

Number of tentacle 
groups developed 

Number of i 
anchors 
developed 

Number of tentacle- 
groups present 

Number of 
anchors 
present 

1 

5 

5 

6 

5 

o 

1 

7 

6 

6 

5 


S 

8 

6 

6 

4 

7 

6 

7 

6 

5 

7 

6 

5 

5 

6 

7 

6 

7 

6 

7 

5 

6 

6 

6 

8 

4 

5 

2 

1 

9 

7 

6 

4 

5 

Totals 

57 

54 

47 

45 

Percentages of 
total numbers of 
tentacle-groups 
and anchors in 

79 

75 

65,t‘> 

62.5 


intact animals 

at ’20 days with the individual at 7 days. It was determined, however, 
from observations made between 7 and 20 days that no increase in the 
number of marginal organs developed occurred after 7 days in any case, 
consequently such errors do not alter the totals and the percentages given 
in the table. The table shows that the full number of marginal organs 
developed in only a single case. No. 3. This was a case in which the 
plane of section was only slightly oblique. In all others less than the 
full number of marginal organs developed. At 7 days the totals were 57 
tentacle-groups and 54 anchors, 79 per cent and 75 per cent respectively 
of full normal number, 72. Twenty days after section the totals have 
decreased to 47 and 45, 65.3 per cent and 62.5 per cent of the normal 
number. As already noted above, the marginal organs which disappeared 
were those of the lower more proximal levels. There can be no doubt 
that the marginal organs of lower, more proximal levels of the oblique 
surfoce: of section are inhibited in development and the organs which are 
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most inhibited are those which disappear in later stages. In preceding 
sections of this paper it has been shown that after transverse section at 
various levels of the umbrella and even at the junction bet’ween umbrella 
and stalk all the marginal organs may appear within 3-6 days after section 
and at 6-8 days are always present if they develop at all. In these 
cases of oblique section the same body-levels which give rise to marginal 
organs in 3-8 days after transverse section show no development of these 
organs even after 16-20 days. Discussion of these cases is postponed 
until further data on the results of oblique section have been presented. 

Oblique section through the umbrella leaving one or more of the 
tentacle-groups and anchors intact In this series of experiments distal 
parts were removed from 21 individuals by oblique section at various angles 
in such manner that all but one or trro tentacle-groups and one, two, or 
three anchors were removed. The line GG in Fig. 1 shows approximately 
the plane of such an oblique section by which all but one tentacle-group 
and two marginal organs were removed. In all cases of this operation 
several tentacle-groups and marginal anchors on the lower, that is, the 
more proximal levels of the oblique margin did not develop at all. The 
first case of this sort is shown in Figs. 21 and 22, twelve days after 
removal of all except one tentacle group and two anchors. Reconstitution 
of the two uppermost tentacle-groups removed and on one side of the 
animal, of the next lower group has occurred, but these groups have 
developed much more slowly and consist of fewer tentacles than in cases 
of transverse section at any level of the umbrella or even at the junction 
of umbrella and stalk, and the more proximal group on one side developed 
later than the two upper groups. In the case of the two upper reconsti- 
tuted groups little more than the marginal lobes was removed, but after 
twelve days the tentacles of the groups are less developed than in cases 
of transverse section at proximal umbrellar levels after 3-5 days (see 
Figs. 2 and 3) and the one lower group is still less advanced. There is 
no trace of other marginal organs removed. The animal has become 
almost completely bilaterally symmetrical and shows no indication of 
returning to a radial pattern. 

At this stage the upper, most distal part of the bady including the 
one Priginal tentacle-group and two original anchors and also the two 
upper reconstituted tentacle-groups was removed by section approximately 
at Fig. 21, in order to determine whether removal of the original 
marginal organs and the more distal levels would permit reconstitution to 
occur at the proximal levels. "After this second operation the margin was 
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still somewhat oblique, but much less so than before. In Fig. 23 the 
animal is shown in distal aspect as it appeared eight days aftei the second 
operation. Seven tentacle-groups and six anchors nere picsent. Thiee 




Figs. 21““26. — Reconstitlon after oblique section through umbrella leaving a few 
of original marginal organs. Figs, 21, 22, two views of same individual 12 days 
after section; reconstitution of marginal organs retarded at more distal and 

completely inhibited at more proximal levels; AA, approximate level of sc'cond oper* 
ation. Fig. 23, oral view of individual shown in Figs. 21, 22 as it appeared 8 days after 
second operation; further development of marginal organs has occurred after removal of 
the part of original margin remaining from first operation. Figs. 24, 25, cases 7 days 
after section with ci mplete or almost complete inhibition of reconstitution of marginal 
organs. Fig. 26, a case 7 days after section with marginal reconstitution retarded on 
the less oblique part of surface of section and completely inhibited on more oblique 
proximal part. 

teiitacl^^oups and four marginal anchors which had failed entirely to 
develop on the lower part of the oblique margin after the first operation 
have now appeared after removal of the distal parts by the second opera- 
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tion. After the stage of Fig. 23 no further development occurred though 
the animal lived twelve days longer. During this period reduction in size 
progressed, tentacles and anchors disappeared and before death the animal 
was only 3 mm. in length (original length 15 mm.) and resembled Fig. 12 
in form, showing merely four marginal elevations without visible differen- 
tiation, all anchors having been resorbed. 

The interesting result in this case made further experiment desirable, 
consequently twenty individuals were subjected to similar operation. Three 
of these died without reconstitution ; in the remaining seventeen recon- 
stitution failed occur on the proximal part of the oblique margin in all 
cases. Figs. 24, 25 and 26 show characteristic cases seven days after 
section. In the case of Fig. 24 the plane of section was very oblique, 
that is, the angle between it and the transverse plane was large and two 
tentacle-groups and three anchors remained. After seven days there was 
no trace of development of any of the tentacle-groups or anchors removed 
and no further development occurred in twenty days. In the case of Fig. 
25 one tentacle-group and two marginal anchors remained and after seven 
days only one tentacle-group of those removed was represented by two 
tentacles in early stage, other groups and anchors being absent. Fig. 26 
shows a case in which the plane of section was much less oblique over most 
of the circumference but very oblique in the most proximal part. Two 
tentacle-groups and three anchors remained, five groups and three anchors 
developed on the upper, less oblique part of the margin and none on the 
lower, more oblique part. The figure shows that the most proximal 
tentacle-group is less advanced and has fewer tentacles than the others. 

Table II. 

Reconstitution 7 days after removal of 5-7 tentacle- groups 
and 5-8 marginal organs by oblique plane of section ; 21 
individuals of which 3 were dead or dying at time of record. 


Individual 

number 

Numbor of 
tentacle^groups 
removed 

Number of 
anchors removed 

7 days 

Number of 
tentacle-groups 
developing 

Number of 
anchors developing 

1 

6 

5 

1 

0 

$ 

6 

^ i 

0 

0 

S 

6 

■ 5 ! 

0 

0 

4 

6 

5 i 

0 

0 

0 

6 

5 i 

5 

3 
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6 

6 

6 

2 

0 

7 

6 

5 

4 

. 2 

8 

6 

6 

1 

0 

9 

7 

6 

1 

0 

10 

6 

5 

1 

0 

11 

5 

5 

0 

0 

12 

6 

5 

0 

0 

13 

6 

6 

0 

0 

14 

7 

6 

4 

2 

15 

6 

6 

1 

1 

16 

7 

8 

0 

0 

17 

7 

6 

2 

1 

18 

7 

6 

3 

1 


Totals 112 . 99 25(22. 3?^ 10(10.1%) 

Table II gives numerical data concerning the number of marginal 
organs which developed within seven days after section in the eighteen 
individuals which remained alive. The table shows that of a total of 112 
tentacle-groups removed only 25 or 22.3 per cent developed and of 99 
anchors removed only 10 or 10.1 per cent developed. No further 
development occurred later without a second operation. 

Comparison of Table II with Table I shows that inhibition of devel- 
opment at the more proximal levels of the oblique margin is much greater 
when a part of the original margin remains (Table 11) than when all 
parts of the margin are removed (Table I). Apparently the fully developed 
marginal organs are more effective as dominant parts than organs which 
are developing somewhat more rapidly than others. 

Nine of the animals were subjected to a second operation in wdiich 
the original marginal organs remaining after the first operation were 
removed as in the case above described (Fig. 21). Eight individuals 
remained without a second operation as controls to show whether further 
development occuiTed. Six days later, however, before records were 
made, all but three of the animals were dead, apparently from high 
temperature. The three living were all controls. Observations made from 
day to day showed that following the second operation additional marginal 
organs were developing while in the controls no further development 
occurred. Individual records were not made during this period because 
it was desired that development should go on for seven or eight days 
following the second operation before the final records and drawings were 
made^ As regards the effect of the second operation, there is no doubt 
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that it was followed by development of marginal organs wkich failed to 
develop after the first operation but individual records were not obtained 
because of death. 

Removal of less than half of the margin with 2-4 tentacle- groups and 

1- 3 anchors. The purpose of these experiments was to obtain further 
evidence on the inhibition of reconstitution by marginal organs or regions 
remaining. From each of ten individuals a part of the margin including 

2- 4 tentacle-groups and 1-3 anchors was removed. The level to which 
the cut extended in the proximal direction differed in different cases. The 
lines XX and YY in Fig. 1 indicate approximately the region removed in 
certain cases. As these lines indicate, the cut edge of the umbrella is 
concave to the plane of the original margin and includes different levels 
of the umbrella. 

One of the ten animals died a few days after section, nine lived 
fifteen days or more. In all cases the development of the parts removed 
was either much retarded as compared with development at a corre- 
sponding level after transverse section, or was completely inhibited. 


Table III. 

Reconstitution after removal of 2-4 tentacle- groups and 
1-3 anchors. Ten individuals^ of which one died before time 
of record. 



Number of 

Number of 

6 days 

15 days 

Individual 

number 

tentacle - 
groups re- 
moved 

anchors 

removed 

Number of 
tentacle- 
groups 
developing 

Number of 
anchors 
developing 

Number of 
tentacle- 
groups 
developing 

Number of 
anchors de- 
veloping 

1 

3 

2 

3 

o 

3 

3 

O 

j-i 

2 

1 

0 

0 

0 

1 

a 

3 

3 

3 

1 

3 

3 

4 

3 

2 

0 

0 

1 

0 

5 

4 

2 

1 

0 

1 

0 

6 

o 

2 

0 

0 1 

0 : 

0 

7 ' 

3 

1 

1 

0 

2 

1 

8 

2 

2 

0 

0 

0 

0 

9 : 

3 

o 

1 

0 

1 

0 

Total 

S5 

17 

7 

3 

11 

7 

Percentages 



S8 

17.6 

44 

41 
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Table III gives the numerical data for the nine cases at 6 and 15 
days after section. The percentages of tentacle-groups. 28, and of marginal 
anchors, 17,6 developing 6 days after section are higher than in fable II 
at 7 days. This is to be expected from the fact that in the present 
series the section does not extend very far proximally in any case. Ilut 
these percentages, like those of Table II are much lower than those of 
Table I at 7 days and this difference, as in the case of fable 11 is 
doubtless due to the fact that fully developed, intact marginal organs or 
regions are more effective in inhibiting reconstitution of others than are 
organs in early stages of development. Table III shows also that there 
is considerable development of marginal organs after 6 days. The tentacle- 
groups increase 16 per cent, the anchors 23.4 per cent, but even at 15 
days the percentages of marginal organs reconstituted are much lower 
than in Table I. 

It will be noted from Table III that in two cases, nos. 1 and 3, all 
of the marginal organs removed developed either in 6 or in 15 days. In 
both cases, however, development was slow and the marginal organs 
remained small. In these two animals little more than the margin was 
removed. Fig. 27 shows No. 3 as it appeared 15 days after section. 
During this time development of the marginal organs has progressed no 
further than in 3-5 days after transverse section in the distal or middle 
urabrellar region. The other case was similar. Five other individuals 
showed some reconstitution but in all of these some of the marginal 
organs were permanently absent and those which did develop reached no 
more advanced stage than those shown in Fig. 27. In general the marginal 
organs which arise at the more distal levels of the cut are less inhibited 
than those at more proximal levels. 

Two individuals showed no reconstitution of parts of the margin 
removed, but in one of them, shown in Fig. 28 the cut removed three 
tentacle-groups and two anchors and also the distal half of another 
marginal lobe with its tentacle-group. The line of section is indicated 
approximately by XX in Fig. 1. As shown in Fig. 28 the marginal lobe 
which was only partly removed did develop a new tentacle-group but none 
of the other marginal organs removed appeared. In other words recon- 
stitution occurred at the extreme distal level of the middle of the marginal 
lobe, but not at more proximal levels. This individual is listed as No. 5 
in Table III. The other individual which showed no reconstitution (No. 
8, Table III) is shown in Fig. 29. Two tentacle-groups and two anchors 
were removed YF, and after fifteen days the animal was six-rayed and 
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Figs. 27-29. — Removal of less than one half the margin. Fig. 27, a case in 
which level of section was only slightly proximal to the margin; 5 days after section; 

3 anchors, 3 tentacle-groups removed, all developing but retarded. Fig 28, a case in 
which cut extended farther proximal than in Fig. 27; 2 anchors, 3 tentacle-groups 
removed; no marginal reconstitution 15 days after section. Fig. 29, similar to Fig. 

28; 2 anchors, 2 tentacle -groups removed; no marginal reconstitution 15 days after 
section. 

almost perfectly symmetrical in form except for the slight concavity in 
the margin where the part was removed. 

Fifteen days after the first operation most or all of the original 
marginal organs were removed from the nine animals of this series in 
order to determine whether reconstitution of the parts removed by the 
first operation would progress further after the second. All the animals 
-died during the next few days, however, and neither time nor material 
permitted repetition of the experiment. 

Differential susceptibility. Since the data on reconstitution indicate the 
presence of a distal-proximal physiological gradient in the body with Hgh 
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end in the distal region a few experiments on differential susceptibility 
^ 01^0 performed in order to determine whether evidence lor the existence 
of a gradient would appear. The agents used were KCN m/lOO and 
m/500, distilled water, tap water and methylene blue. With each agent 
at least five animals were tested from material collected at different times. 
Observations on the progress of toxic effect and on recovery were made 
on animals of different size, the largest and smallest obtainable, 20 mm. 
or more and 7-8 mm. in length. As regards motor activity and reaction 
to mechanical stimuli the small animals were distinctly more susceptible 
than the large and on return to sea water after one hour in KCN m/lOO 
recovered sooner than the large. 

As regards the differential susceptibility as indicated by death and 
disintegration, it was found that in all agents used ectodermal disintegra- 
tion occurred first in the marginal anchors slightly later in the rounded 
tips of the tentacles, progressed proximally over the marginal lobes and 
involved the whole marginal region of the umbrella. On the aboral 
umbrellar surface the gradient in susceptibility was slight but distal levcds 
were somewhat more susceptible than proximal. The susceptibility of the 
stalk varied somewhat in different individuals. In animals which were not 
attached the foot region usually disintegrated slightly earlier than the 
aboral umbrellar surface and susceptibility decreased from the foot distally 
for a short distance, but in attached animals the foot appeared somewhat 
less susceptible than in unattached. The ectoderm of the stalk distal to 
the foot region usually disintegrated slightly later than the aboral umbrellar 
surface, but in a few cases slightly earlier. Disintegration usually proceeded 
in the proximal direction but in a few cases a definite gradient was not 
observed. The stalk is highly contractile and in animals which are not 
attached is usually more active than in attached animals. The observations 
indicate that the variations in susceptibility of the stalk in Haliclystus, as 
in Hydra (Child and Hyman, 1919) are probably associated with differences 
in motor activity. 

The contraction of the umbrella in KCN, tap water and distilled water 
made it difficult to determine the differences in susceptibility on the oral 
surface of the umbrella, but it was evident that the oral surface was more 
susceptible than the aboral Disintegration of the distal region of the 
manubrium began about the same time as on the umbrellar margin and 
from these two regions it progressed over the oral surface. 

In methylene blue of various concentrations the animals became very 
deeply stained before toxic effects appeared. The course of disintegration 
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was essentially the same as in KCN and distilled water. The anchors 
disintegrated first, then the tentacles and marginal lobes and the distal end 
of the manubrium and slightly later the foot (all animals used were 
•detached). On the aboral umbrellar surface there was a slight decrease 
in susceptibility in the proximal direction, as in other agents. The oral 
umbrellar surface was more susceptible than the aboral, the susceptibility 
decreasing from the margin and the tip of the manubrium pxoximally. 
The susceptibility of the stalk varied somewhat in different individuals, as 
with other agents. 

These observations on susceptibility show that, so -far as the ectoderm 
is concerned the marginal regions and the distal end of the manubrium 
show the highest susceptibility to the agents used. The oiTil umbrellar 
surface is more susceptible than the aboral and both show a decrease in 
susceptibility in the proximal direction. The susceptibility of the foot is 
higher than that of the stcilk in detached animals and the stalk shows 
variations, apparently associated with motor activity. In short the distal 
regions of umbrella and manubrium represent the high end of the chief 
gradient and another very short gradient in the opposite direction appears 
in the foot region. As already noted the gradient pattern of Haliclystus 
resembles that of Hydra and shows similar variations apparently associated 
with motor activity. 

Indophenol reaction. In the five animals used the results as regards 
differential indophenol formation agreed rather closely with those on 
susceptibility. The blue color of the indophenol developed most rapidly 
in the anchors, next in the tentacle tips and distal end of the manubrium 
and next in the foot region of unattached animals. Coloration progressed 
pi'oximally on the marginal lobes and manubrium and on the oral surface. 
No definite gradient was observed on the aboral umbrellar surface and 
appearance of indophenol in the stalk differed in relative time in different 
individuals, as did susceptibility. 

DISCUSSION. 

The character of reconstitution in Haliclystus. The presence in a form 
more or less medusoid in character of so great a capacity for extensive 
and rapid reorganization as occurs in Halklystm is of considerable interest. 
Moreover, the fact is to be emphasized that reconstitution of an individual 
from a part occurs to a large extent through transformation or redifferen- 
tiation of the part or of certain regions of it rather than through regener- 
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ation in the stricter sense, that is the outgrowth of embryonic tissue 
from the cut surface. Whatever the level of section, whether in the 
umbrella or the stalk, the tentacles and anchors develop directly from the 
surface of section and other parts removed proximal to the margin develop' 
by the reorganization of regions proximal to the siirlac^e of section., 
For example, in reconstitution of the stalk tentacles and anchors develoi) 
directly from the distal surface of section without any visible dcw^elopmcni 
of regenerative tissue and the umbrella arises through the transformation 
of a part of the stalk proximal to the surface of section (Figs. 7, 12, 13). 
Haliclystus is not -unique in showing this type of reconstitution. In 
Tubularia and Corymorpha there is no outgrowth from the surface of 
section and in Planaria little or nothing but the head regenerates from 
the anterior surface of section, whatever the body-level. Even in the 
oligochete annelids, whatever the number of segments removed from the 
anterior end, only a certain maximum number develop by regeneration 
(Hyman, 1916) and othei's are reconstituted by the reorganization of 
segments posterior to the surface of section. 

In this connection attention may be called to the fact that distal or 
apical parts, such as the tentacle-groups of Haliclyslus, the hydranth in 
Tubularia and Corymorpha^ the head in Planaria and the anterior .segments 
in oligochetes may be “ out of place ” when they first appear. Such 
I'econstitutional development is actually a heteromorphosis ” in Loeb’s 
sense. But, viewed in a different light it is merely an expression of the 
fact that in reconstitution, as in embryonic development, development 
begins at the apical or anterior end and progresses basipetally or posteriorly. 

Oral and ahoral reconstitution. Pieces from all levels of the body 
examined give rise to distal parts on the oral surface of section and by 
reorganization of the distal region, but in no case has any extensive 
reconstitution of proximal parts from the aboral surface of section ham 
observed. The only cases in which indications of aboral reorganization 
into more proximal body-levels were observed were similar to Fig. 15 in 
which the proximal part of the stalk was removed and the pi'oximal cut 
end became somewhat flattened but did not develop into a foot and did 
not become attached. In no case did a stalk develop from a part or from 
the whole of the umbrella. In a single case the distal half of a stalk 
developed tentacles and anchors on both oral and aboral ends (Fig. 16). 
It is possible that with adequate food supply more aboral reconstitution 
might have occurred, though the extensive distal reconstitution, even in 
pieces of the stalk indicates that nutrition is not the chief factor concernecL 
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It appears from the facts that a given body-level may undergo reorganiza- 
tion into a more distal level but that little or no reorganization into a 
more proximal level occurs. In terms of the physiological gradient these 
facts mean that at the oral end of the piece which represents the highest 
gradient level in the piece and is thei’efore not subordinated to other 
parts the cells are sufficiently activated by section to grow and undergo 
reorganization at the expense of other parts of the piece. At the aboral 
end, however, they represent the low end of the gradient present and 
section does not activate them sufficiently so that they can grow at the 
expense of the higher gi'adient levels distal to them. In short pieces of 
the stalk with both oral and aboral cut ends there is evidently little 
gradient and therefore little dominance of one region over another, 
consequently both ends may be sufficiently activated by section so that 
both give rise to distal structures (Fig. 16). 

As regards the difference in reconstitutional behavior at oral and aboral 
cut ends Haliclystiis shows some resemblance to Ttibularia. In Tubularia 
the aboral end of a piece rarely gives rise to a more proximal body- 
level or a basal stolon. If it develops at all it almost always gives rise 
to a hydranth or, if the piece is short, to the more distal levels of a 
hydranth. In pieces more than 10-12 mm. in length hydranth development 
usually occurs at both ends of the piece, but in pieces about 10 mm. in 
length the aboral end very often develops nothing. In these pieces the 
relations are apparently similar to those in Haliclystus, that is the activation 
by section is not sufficient to permit the cells to undergo reorganization 
and growth at the expense of parts distal to them. In Planaria also 
short pieces from the anterior region develop no posterior ends, apparently 
because the cells at the posterior cut surface are not sufficiently activated 
by section to undergo reorganization and growth at the expense of the 
very active regions anterior to them. In short anterior pieces of various 
annelids similar conditions are found. In aU of these cases it is appai'ently 
the relation between the dominance of more distal or more anterior levels 
and the effect of section on the cells concerned which determines whether 
or not reconstitution shall occur. 

The rate and character of reconstitution at different levels of the body. 
The results of transverse section at different levels show that although 
the rate of reconstitution at a particular level differs somewhat in different 
individuals there is in general a decrease in rate in the proximal or 
basipetal direction, at least in the umbrella, that is the farther proximal 
the level of section the slower the development of the marginal organs on 
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the oral cut end. The difference in rate at different levels also appears 
in the single individual in reconstitution after oblique section through the 
umbrella with removal of the whole margin. In these cases the marginal 
structures of the most distal levels appear earliest and develop and grow 
most rapidly and the time of appearance becomes later and the rate of 
development slower as the level becomes more proximal on the oblique 
surface of section. In the stalk no distinct difference in rate of reconsti- 
tution w^as observed after transverse section at the distal end and the 
middle. Oblique section of stalks was not made. These data on reconsti- 
tution agree with those on differential susceptibility and indophenol reac- 
tion in indicating the existence of a physiological gradient in the umbrellar 
region with its high end distal and in giving no conclusive evidence as 
regards the stalk. 

After transverse section at distal and middle levels of the umbrella 
reconstitution is almost always complete as regards the number of anchors 
and tentacle-groups which develop, but in the proximal umbrellar region 
one or more marginal organs may fail to appear and in the stalk region 
incomplete reconstitution is still more frequent and the degree of incom- 
pleteness greater, only 2-4 radii or adradii being represented in some 
cases (Fig. 6). It is of interest to note that at these levels the perradial 
anchors appear before the interradial in those cases in which there is difference 
in time of appearance and frequently the interradial anchors do not appear 
at all and only four tentacle-groups develop (Figs. 4, 5, 7, 11-14). The 
delay in interradial as compared with perradial development is more marked 
in dilute than in normal sea water. In this earlier development of perradial 
organs these cases resemble the scyphistoma of the Discomedusae in which 
the perradial tentacles appear first, the interradial later. The marginal 
anchors of Haliclystus correspond in position to the tentacles of the 
scyphistoma and the short anchor tentacle is evidently homologous to the 
scyphistoma tentacle. These cases of reconstitution, as well as the develop- 
ment of the scyphistoma indicate that the perradii represent more 
primitive features of the organization than the interradii. The adradial 
marginal lobes which bear the tentacle-groups appear late in reconstitution, 
even in the most advanced cases and often do not develop at all during 
the laboratory life of the animals. Doubtless if the animals were fed a 
greater degree of development of the lobes would occur. 

DomifMince and inhibition in reconstitution* The experiments on oblique 
section with removal of all marginal organs showed that not only did the 
rate of reconstitution decrease from distal to proximal levels of the oblique 
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surface of section, but that some of the marginal organs of the more 
proximal levels did not appear at all (Fig. 17-20). Moreover, when the 
oblique section was made in such manner that a few of the original 
marginal organs remained a still greater degree of inhibition of reconstitution 
at the more proximal levels of section occurred (Fig. 21, 22, 24-26). At 
the more distal levels some reconstitution took place, but even there 
development was much slower and stopped at an earlier stage than after 
transverse section at the same levels and at the more proximal levels 
reconstitution did not occur at all. Removal by a second section in 
transverse plane of the original marginal organs which remained after the 
first operation was followed by further development of the marginal 
organs which had already appeared and by appearance of at least some 
of those pi’eviously completely inhibited. The final stage after the second 
operation was observed in only one case (Figs. 21-23). In all cases the 
degree of inhibition, as indicated by the rate of development and the size 
which the organs attain, increases from distal to proximal levels of the 
oblique surface, that is, the slower the rate of development the more 
complete the inhibition. At the most proximal levels some of the marginal 
organs do not appear at all. As the animals undergo reduction in the 
laboratory resorption of marginal organs progresses from proximal to 
distal, that is, the more slowly developing and more inhibited organs 
disappear first. This is evidently only another case of the persistence of 
organs or regions with a more intense metabolism at the expense of less 
active regions. Similar relations appear in both the hydroids and planarians. 

When only 1-3 adjoining marginal organs are removed the degree of 
inhibition depends on the body-level concerned. If only the marginal 
region be removed all organs may be reconstituted, but even in such cases 
their development is retarded (Fig. 27). If the cut extends farther prox- 
imal reconstitution may be completely inhibited (Figs. 28, 29). 

These relations between different marginal organs and different body- 
levels appear to be expressions of physiological dominance associated with 
the axial gradient. On account of limited time and material it was not 
possible to determine whether the anchors or more strictly, the nervous 
tissue associated with them, or the tentacle-groups and marginal lobes 
were the chief factors in dominance, or whether the marginal region in 
general is the dominant region. Since the anchors are sense organs as 
well as organs of attachment and are undoubtedly associated with aggrega- 
tions of nervous tissue as are the tentaculocysts of other scyphozoa, it 
seems probable that this organ-complex is the chief factor in dominance, 
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though the marginal region in general may be concerned. 

Perhaps the most interesting fact concerning this dominance is that it 
is chiefly effective in the distal-proximal direction. After traiivsverse solution 
at the more distal levels the marginal organs of different radii dc^velop at 
the same rate and there is no indication that they inhibit eacli otlu'r. At. 
the more proximal levels, however, the perradial-organs oftxMi devcdop inon^ 
rapidly and the interradial organs are apparently retarded in dev('lopnient 
or do not appear at all. The experimental data indi(‘ate that when 
different marginal organs develop at the same rate they do not inhibit 
each other, but when they develop at different rates the more rai)idly 
developing may retard or completely inhibit others of slower developmental 
rate. 

Alteration of axial pattern. One feature of the cases of reconstitution 
following oblique section demands special attention. As Figs. 17-22 and 
24-26 show, these animals develop and retain a more or k'ss comi)lctely 
bilateral form as regards arrangement and degree of develoi)nieni of the 
marginal organs. In some cases (Figs. 17, 19, 21, 22, 25, 26) a tentacle- 
group or an anchor appears on one side of the median plane estal)lished 
by the section and no corresponding organ on the other side, hut in other 
cases, several of which are not figured, the arrangement is compleicdy 
bilateral (Figs. 18, 20, 24). In all of these cases of oblique reconstitution 
the most distal region present, whether it be the most distal part of the 
oblique cut surface (Figs. 17-20) or a part of the original margin (Figs. 
21, 22, 24-26), stands in a relation to other parts which is very similar 
to that of an anterior end or head. It is the high end of a gradient 
which gives a body-pattern resembling the anteroposterior pattern of 
cephalized animals. So far as relations of dominance and subordination 
are concerned, the radial pattern of the marginal organs has been trans- 
formed by oblique section into an anteroposterior pattern with more or 
less complete bilaterality. Moreover, this pattern is not merely a i(»mi)orary 
phase of reconstitution but persists as long as the animals live in the 
laboratory. 

This alteration in pattern evidently results from the fact that certain 
marginal organs or regions are, so to speak, given an advantage over 
qthers. This advantage consists either in a higher rate of development 
at the most distal levels of the oblique surface of section or in intact 
fully functional condition of a part of the margin with removal of other 
parts. When all parts of the original margin are removed the most distal 
region remaining resembles an anterior region in that it develops more 
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rapidly, and its more intense metabolism determines a dominance over 
other parts resembling that of an anterior end over other levels of the 
body. When a part of the original margin remains the effect is essentially 
the same but the dominance is more effective. In both cases the most 
distal region repx’esents the highest gradient-level in the piece and its 
dominance results from that fact. In general dominant organs or regions 
of an axis inhibit the development of similar organs or I’egions at other 

levels of the axis or gradient, at least within a certain distance. 

Up to a certain limit the greater the angle between the plane of 
oblique section and the transverse plane, the further does the pattern 
depart from the original radial type and approach an anteroposterior, 
bilateral pattern and the more effective the experimentally established 
dominant region becomes in inhibiting the development of other marginal 
organs. 

Removal of a few of the marginal organs may result in permanent 
decrease in the number of these organs through inhibition of development 
of some or all of the organs removed. This results in alteration of the 

radial pattern by decrease in number of structurally defined radii. 

Section in a plane through the apicobasal axis has resulted in death 
without reconstitution in all cases, but the results of oblique section lead 
us to believe that even if the animals lived no reconstitution of marginal 
organs would occur because the organs already present would completely 
inhibit any such development. 

In connection with these cases of alteration of pattern by oblique 
section the point is to be emphasized that they are not simply mechanical 
mutilations, but are real physiological changes in the relations of dominance 
and suboi'd illation from those characteristic of the radial pattern to 
relations approaching those of anteroposterior pattern. In consequence of 
this change the marginal developmental pattern becomes heteropolar 
instead of radial and shows a more or less complete bilaterality along the 
heteropolar axis. 

The question of the nature of dominance. The inhibition of less rapidly 
developing by more rapidly developing parts and the absence of inhibition 
when similar parts develop at the same rate is characteristic of vaiious 
other forms as well as of Haliclystus. For example, in the stems of the 
hydroids, Tuhularia and Corymorpha the rate of hydranth reconstitution 
decreases basipetally and in stem-pieces the development of a hydranth at 
the oral end retards or inhibits hydranth development at the aboral end 
except when the piece is very long or very short. In the very long 
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pieces the aboral end may be beyond the range of dominance by the oral 
end and therefore not affected by it. But in very short pieces in which 
the rate of hydranth development at oral and aboral ends is approximately 
the same the two hydranths develop at the two ends without any indica- 
tion of inhibition, that is, both develop as rapidly as an oral hydranth on 
a long piece with oral end at the same level as that of the short piece. 
Similarly, in very short pieces of Planaria heads may develop at the same 
rate on both ends and without indication of mutual inhil)ition. 

These facts are of interest in connection with the question of the 
nature of dominance. They indicate on the one hand, that dominance is 
primarily associated with difference in body-level, that is, of gradient-level, 
so that parts developing or fully developed at a higher level dominate 
lower levels to a greater or less degi'ee and retard or inhibit development 
of certain parts at those levels. On the other hand, such parts, even new 
hydranths or new heads, developing at the same body-level or gradient- 
level and so at appoximately the same rate, may devedop without any 
indication of inhibition of either, even though they are in close proximity 
to each other. The interpretation of these facts in terms of chemical 
substance presents difficulties whether we assume an inhibiting substance 
produced by the dominant region or a substance necessary for growth and 
development used up by the dominant region. If there were only the 
inhibition of a less rapidly developing by a more rapidly developing axis 
or region such interpretation might be possible, though we have at present 
no evidence of the existence of such substances in any of the cases men- 
tioned. But in the short pieces of Tubularia, Corymorpha and Planaria 
and in the reconstitution of Haliclystus after transverse section the parts 
concerned are much nearer to each other than in the long pieces or after 
oblique section but there is no inhibition. In the short pieces of Tubularia 
and Corymorpha the whole length maybe directly involved in the develop- 
ment of hydranths and the same is true as regards development of heads 
in very short bipolar pieces of Planaria. If an inhibiting substance is 
produced what becomes of it in such cases ? Or if dominance depends 
on removal of a substance necessary for growth, why is not all such 
substance used up very early in development in these very short pieces ? 

If, however, dominance in these cases is primarily transmissive in 
character no difficulties appear and no special assumptions are necessary 
in accounting for the various observed facts. The primitive transmission 
path of the ctenophore plate row exhibits all the phenomena of dominance 
which we find in development (Child. 1917, 1933). One level may 
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dominate another because the dominant region gives rise to more frequent 
or stronger impulses than the region dominated. When two impulses 
transmitted in opposite directions meet they may completely obliterate each 
other and produce no effect beyond the point of meeting, or one may 
obliterate the other and continue beyond the point of meeting, but with 
decreased intensity or strength, as indicated by decreased rate of trans- 
mission and decreased amplitude of plate movement. It is probable that 
mutual obliteration of the opposed impulses occurs when the action cur- 
rents of the two are approximately equal. Since they are in opposite 
directions they must obliterate each other and the impulses disappear at 
the point of meeting. If, however, the action current of one impulse is 
stronger than that of the other it may obliterate the weaker and still be 
sufficient to carry on transmission beyond the point of meeting. These 
various relations of dominance and subordination, mutual obliteration of 
dominance etc. in the ctenophore plate row constitute a complete functional 
parallel to the developmental relations of parts. This fact is strong 
evidence in support of the conclusion that the relations between parts in 
development are primarily transmissive in character. A region which 
represents a higher level of physiological activity than regions adjoining it 
differs from those in electric potential. These potential differences doubtless 
give rise to electrochemical changes. According to present-day conceptions 
of protoplasmic transmission the electric currents resulting from differences 
in potential at different points of a membrane are the essential factors in 
transmission, A more rapidly developing region must transmit effects 
more or less continuously to other regions within a certain distance from 
it. Such a transmitted effect must influence the physiological condition 
of the parts which it reaches. If a decrement occurs in the course of 
transmission, as is apparently the case in the primitive protoplasmic path, 
the transmitted effect may be the chief factor in establishing a physiolo- 
gical gradient. According to this conception one region dominates another 
because it gives rise to transmitted effects which reach the other* If the 
other region also gives rise to such effects opposed in direction to those 
from the dominant region, the latter must be able to obliterate the former 
and produce effects beyond the point of obliteration, otherwise there is no 
dominance. For the maintenance of dominance quantitative differences in 
physiological condition and activity are an essential feature, but the existence 
of other differences in the parts concerned is of course not excluded. When 
the transmitted effects from two parts are approximately equal and in 
opposite directions neither has any effect on the other. This is apparently 
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the situation in Haliclystus after transverse section when the marginal 
organs all develop at approximately the same rate, and in the short 
bipolar pieces of Tubularia, Corymorpha and Planaria. 

All the known facts of developmental dominance and physiological 
isolation can be interpreted without difficulty in terms of transmitted effc'cts 
of physiological activity to less active regions. As already notcvl, the 
developmental relations of parts are completely paralleled by functional 
relations in primitive transmission paths, such as the ctenoiihore plate j*ow. 
Moreover, in organisms in which a nervous system differentiates the region 
which was dominant in early development becomes the region of develop- 
ment of the chief aggregation of nervous tissue and of nervous dominance. 
In a few cases the polar gradient changes early in the course of develop- 
ment and the definitive dominant region is not the region of primary 
dominance. These cases, however, do not affect the general conception 
for they are merely case in which a new axis, a new gradient, appears 
early in development, either as the result of budding or of some other 
condition. With increase in the differentiation of organs in the course of 
ontogeny and of evolution the metabolism of particular organs gives rise 
to specific substances and the transport of these substances to other parts 
of the body becomes an increasingly important factor in correlation. This, 
however, is evidently a secondary form of coiTelation and dominance 
resulting from the specific differentiation of different organs and it is 
apparently very different in character from the relations of dominance and 
subordination which we find in the simpler organisms and in early stages 
of development as well as in reconstitution. 


SUMMARY. 

1. After transverse section at various levels of the umbrella, at the 
junction between stalk and umbrella and at various levels of the stalk 
reconstitution of distal parts occurs rapidly in the proximal piece. 

2. In reconstitution tentacle-groups and marginal anchors develop on 
the surface of section and other parts removed are formed by reorganiza- 
tion of regions proximal to the level of section. In reconstitution of the 
stalk or a part of it the distal portion of the stalk or piece undergoes 
transformation into the umbrella. 

3. In distal pieces possessing marginal organs almost no reconstitution 
of proximal parts removed or reorganization beyond healing of the wound 
occurs. 
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4. A single case of bipolarity was observed in the distal half of a 
stalk : this piece developed a few^ marginal organs on both oral and 
aboral ends. 

5. In general the rate of reconstitution decreases as the level of 
section becomes more proximal but individual differences in rate at a given 
body-level occur. These seem to be most marked in animals of different 
size. 

6. At levels of section in the proximal umbrellar region, at the junction 
of umbrella and stalk and in the stalk, the perradial anchors often develop 
before the interradial and in some cases the interradial anchors do not 
appear at all. 

7. After oblique section through the umbrella with removal of all 
parts of the original margin the rate of reconstitution decreases in the 
proximal direction on the oblique surface of section and reconstitution at 
the more proximal levels is more or less inhibited, apparently by the distal 
levels. At the most proximal levels of the oblique surface this inhibition 
may be complete. 

8. When oblique section is made in such manner as to leave intact 
1--3 original tentacle-groups and marginal anchors reconstitution of marginal 
organs at more proximal levels is even more inhibited and in some cases 
none of the marginal organs removed develop. 

9. After a second operation removing the parts of the original margin 
which remained from the first operation, marginal organs previously 
inhibited may develop. 

10. In the course of reduction during laboratory life the more inhibited 
organs on oblique surfaces of section disappear first, those of the distal, 
dominant region last. 

11. When 1-3 tentacle- groups and anchors are removed the result 
depends on the depth of section. If only the marginal region is removed 
all marginal organs removed may develop, but their development is retarded 
and they remain small. When the piece removed includes more proximal 
levels the degree of inhibition of development is greater and there is 
often complete inhibition. 

12. In general marginal organs which develop at the same body-level 
and at approximately the same rate do not inhibit each other but when 
the rates of development of different organs are different, e. g., when they 
develop at different body-levels after oblique section, the more rapidly 
developing regions or those which are fully developed inhibit the less 
rapidly developing. These relations are expressions of physiological ddmi- 
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nance and it is shown that they do not differ essentially from conditions 
observed in other forms. 

13. The change in the relations of piirts resulting from oblique section 
determines the development of a heteropolar, instead of a radial patteiai 
of arrangement of marginal organs with the most distal, dominant region 
representing anterior end or head and with an approach to, or attainmcmt 
of bilaterality. 

14. Data on differential susceptibility and on the indophenol reaction, 
as well as those on reconstitution at different levels indicate the presence 
of a physiological gradient, at least in the umbrellar region. The distal 
margin of the umbrella and the distal end of the manubrium represent 
the high end of this gradient. 
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Since it seems probable that the eating of Laminaria is mainly responsible 
for the almost total absence of goiter in Japan, the chemical combination 
of the iodine is of interest. 

I) Protein Iodine. 

The material used in our experiment was Laminaria ochotensis Miyabe. 
Commercial material (Kombu) was obtained, dried, ground, and powdered. 
For the determination of alcohol-soluble and insoluble iodine, the powdered 
sample containing 0.23?^ of total iodine was extracted in 95 9^ alcohol 
for 8 hours under a reflex condenser. The presense of iodine in both 
the extract and the remainder from alcohol was determined by McClendon’s 
method. 

To determine the protein iodine in the Laminaria the following method 
was employed. The dried powdered material was immersed for 1 hour 
in 100 volumes of 0.5 9^ sodium carbonate, the mixture stirred continuously 
with a glass rod. The solution containing many substances including the 
viscous carbohydrate (alginic acid) was filtered off. The remaining impure 
protein was washed well with distilled water, dried and analysed for the 
determination of iodine. McClendon’s method was also employed in this 
case. 

The results obtained are given in Table 1. 

As will be seen in Table 1, the amount of iodine contained in the 
remainder from alcohol extract is estimated about 0.029^, corresponding 
to about 5.7 9^ of the total iodine and that in the protein is about 0.0394, 
corresponding to about 4.794 of the total iodine. Therefore, the alcohol- 
insoluble iodine in the Laminaria ochotensis is in protein for the most 
part ( 8294 ), and only about 194 of the total amount of iodine or 1894 
is non-protein. 
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Table L 

Partition of iodine in Laminaria, 


Sample in gm. 

Form of iodine 

Iodine content 
in gm. 

Percentage of 
iodine 

Perc(‘ntage of 
iodine against 
the total iodine 

1.5 

(Powder) 

Total iodine 

0.00n45095 

().2:i()07;t 


0.9424 

(Remainder from 
ale. extract.) 

Alcohol-insoluble 

0.00019692 

0.020806 

6.7;!r)03i 

0.4500 

(Protein) 

Protein iodine 

0.00016168 

0.082454 

4.714828 

0.4924 

(Non-Protein 

residue) 

Non-Protein 

alcohol-insoluble 

0.00008524 

0.007158 

1.020698 

0.6000 

(Ale. extract) 

Alcohol-soluble 

0.00810688 

0.501111 

<04.204979 


Tsukamoto and Furukawa ('18)* analysed the commercial Laminaria 
and found that about %Yo of the total iodine is inorganic and about 5 94 
is organic. This result almost agrees with my own data for alcohol- 
insoluble iodine. Okuda and Eto ('20 and '25) examined several kinds 
of fresh seaweed, Eisenia arborea Aresch, f. bicyclis Yendo, Ecklonia cava 
Kjellm, Sargassum eneuve Ag. and Turbinaria fusiformis Yendo and 
reported that 9594 of the total iodine is organic and only 594 of it is 
inorganic, but much of this organic iodine is alcohol-soluble. They stated, 
however, in the same paper, that about 5 94 of the total iodine is insoluble 
in water. They found that drying while allowing autolysis and fermenta- 
tion to proceed as ordinarily done commercially, changed most of the 
organic iodine to inorganic. 

II) Search for the Presence of Diiodotyrosine in Laminaria ochotensis, 
Harrington and Randall ('29) and Foster ('29) have reported the 
isolation of diiodotyrosine from the thyroid gland. Drechsel examined 
Gorgomia cavololinii (the sea fan) and found iodogorgonic acid (diiodo- 
tyrosine) in the protein, gorgonin. Hundeshage analysed sponge and found 
iodospongin yielding diiodotyrosine on hydrolysis. Thus diiodotyrosine is 
a substance which is found in a gland present in all vertebrates and has 
been found in scleroproteins in lower invertebrates living in sea water. 

far as we know, however, there is no one who has studied diiodotyrosine 
in' vegetetblm.;' ' 

^ Lammar^^ contains a large amount of protein iodine as 
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already mentioned. Moreover, it is generally thought that there is a 
similarity between the Laminaria and the lower invertebrates in their 
ability of making organic iodine from inorganic iodine (dissolved in sea- 
water). Therefore, an attempt was made in the present investigation to 
examine the question as to whether the isolation of diiodotyrosine from 
the protein in the Laminaria is possible. 

The protein containing 0.032^ of iodine was obtained from Lamf/iarfa 
ochotensis by the method already described. The presence of diiodotyrosine 
was investigated by the method employed in the isolation of diiodotyrosine 
from the thyroid gland by Foster ('29). Two samples were examined, 
the first consisting approximately of 100 gm. ; the second 150 gm. In none 
of these samples were crystals of diiodot^Tosine detected, but the supernat- 
ant fluid and the precipitate obtained in the final step of the series of the 
technique employed were dried and used for the determination of iodine 
by McClendon’s method, with the following results (Table 11). 


Table IL 


No. of experiment 

Material 

Weight of 
material in gm. 

Iodine content 
in mg. 

Percentage of 
iodine 

1st. 

(100 gm. of protein) 

Dried super- 
natant fluid 

4.200 

1.52100 

0.03631 

j 

Dried 

precipitate 

0.039 

0.01759 

1 

0.04500 

2nd. 

(150 gm. of protein j 

Dried super- 
natant fluid 

4.239 

0.0429S i 

1 

0.00100 

Dried 

precipitate 

^ 0.050 

Trace 

— 


As will be seen in Table 11, both the supernatant fluid and the preci- 
pitate contain a small amount of iodine, suggesting that diiodotyrosine may 
exist in the protein from Laminaria ochotensis, though it was not isolated 
as crystals. The handling of an enormously large amount of protein would 
be required in order to settle the question. Perhaps it would be better 
to use the Kombu-Powder instead of the protein fraction. 

SUMMARY. 

1) In Laminaria ochotensis, about 6 per cent of the total iodine is 
alcohol-insoluble, 5 per cent being protein iodine and 1 per cent is non- 
protein iodine. 
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2) Diiodotyrosine may exist in the protein from Laminaria ochotensis^ 
but it was not isolated as crystals from samples of 100 gm. to 150 gm. 
of protein. 

Before leaving the subject, I wish to express my sincere thanks to 
Dr. J. F. McClendon for his valuable guidance and criticism throughout 
this work. 
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INTRODUCTION. 

In keeping fishes in an aquarium the most vital essential is the physi- 
ology of respiration. At the same time, because the gas condition is good 
it does not necessarily follow that other physiological conditions are favour- 
able. For all that primary importance must be attached to the study of 
respiratory conditions in an aquarium. Unlike most respiratory studies in 
which the fishes are confined in a closed water system aquaria are usually 
kept open, with result that the oxygen used up by fishes is constantly 
being replenished from the open surface of the aquarium as well as from 
the inflowing water. On the other hand the CO2 exhaled by the fishes 
IS correspondingly expelled by the jets of bubbles. The evasion and inva- 
sion of CO2 and O2 from and to the surface of the water can not be taken 
into account owing to the practical difficulty of their determination. The 
results thus obtained are, however, of importance in considering the actual 
conditions in which the fishes are living normaly. The present experiment 
has been conducted with this end in view, stress being laid on the observa- 
tion of the change of the pH and oxygen content of water. 

1) CIRCULATORY SYSTEM OF AQUARIUM WATER. 

In the aquaria at our station (Asamushi) the fi'esh sea water which 
is drawn from the sea is drained off after once passing the exhibition 
tanks. The water is thus never used twice. Hence no closed circulatory 
facilities are provided. This prodigal use of fresh sea water is due to 
the unique location of the station where an unlimited supply of clear 
water is easily available from the adjacent coast free from turbidity all the 
year round. The sea water is drawn from one side of a small spit and 
ejected on the other side after passing through the aquarium. 


0 Contributions from the Marine Biological Station, Asamushi, Aomori-Ken, No. 100. 
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In the aquaria of the Plymouth Laboratory and the Zoological Society 
of London etc., where the sea water is supplied at intervals, circumstances 
make it necessary to use the same water repeatedly for a considerable 
time. Various authorities have therefoi’e speculated as to whether an}^ 
radical changes might be found in water thus used. Atkins ( 1922 , 1931 ), 
Stowell ( 1925 ), Brown (1929), have studied aquarium water in this 
respect. As previously mentioned the water in our laboratory passes 
through the fish tank once only, so that no notable changes might be 
expected other than the gaseous content and pH which change only to 
an extent compatible with the respiration of the fishes. 

The high-level reservoir of sea water at Asamushi has a capacity of 
about 25 cubic meters. From this tank water flows continually through 
the aquarium and laboratory. It requires about 2 hours to fill up the 
reservoir by means of a 4 H. P. internal combustion pump. In summer 
when the laboratory and aquarium are at their maximum activity the 
reservoir is filled 3 or 4 times a day. There are 23 exhibition tanks. Of 
these, the eleven main tanks, on which the present observations are based, 
are each of 2600 litres in capacity except one which contains rather more 
than double that -amount. 

The feed to each tank varies between 1 and 2 litres per minute. The 
regulation of the flow of water is irregular owing to the fact that whem 
the reservoir is full the water supply increases on account of the increased 
head When the reservoir becomes nearly empty the pressure and 
flow are reduced by about 50 It will be seen from Table I that this 
variation of flow has a significant bearing upon the respiratory condition 
of the water in the tank. 

The aeration is made gravitationary by inserting into the rubber joint 
of the inflow tubing a thin glass tube terminating in a point. By this 
process the inflow water carries with it a mist of air-bubbles which slowly 
rise upwards from the nozzle of the glass pipes. Except the largest tank 
(No. 6), which duplicate inflow and overflow tubes respectively, each of 
all the tanks are provided with one of these tubes. 

2 ) FISH TANK. 

Observations were made on eleven tanks. The large one (No. 6) 
measured about 3 meters in length, 1.4 meters in breadth, and 1.8 meters 
in depth, while the remainder were 1.35 meters in length but in other 
respects the same as the large one. Though each tank is named by its 
chief occupant they frequently contained other species. 
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Tank No. 1, “Conger”. 11 congers (Astroconger myriaster Brev.) and leather-fish (Can- 
therines modestus Gunther). Of the former 5 were about 75 cm in length, the 
remainder about 20-23 cm. Body length of two of the leather-fish, 33 and 17 cm. 

Tank No. 2, “ Sebastodes ”. 13 Sebastodes (S. schlegeli Hilg.), a bass-like fish, of which 
10 were longer than 32 cm, the smallest being about 23 cm. Three sea-cucumbers 
{Sticopus japonicus Selenka), about 20 cm were also present. 

Tank No. 3, “ Sebastodes 28 Sebastodes (S. guntheri J. & S.), a bass-like fish, all 
nearly the same size viz. 24 cm. Two swimming crabs (Portunus trituherculatus Miers) 
of moderate size inhabited the bottom. 

Tank No. 4, “ Hexagrammos ”. Hexagrammos otakii J. & S., about 47 cm in length. Also 

2 small Sebastodes schlegeli Hilg. about 18 cm. each. 

Tank No. 5, “ Mackerel This tank contained several species comprising 8 mackerel, 
about 20-25 cm. eleven horse-mackerel (Trachurus japonicus T. & S.) about 15 cm., 
seven small yellowy-tail (Seriola aureovittata T. & S.) (15-20 cm), three Sebastodes 
guntheri J. & S- about 13 cm. Three fiat fish (Platichthys stellatus Pallas), inhabited 
the bottom. 

Tank No. 6, “ Porgy ”. This is the large tank. It contained 14 Porgies {Pagrosomus 
Major T. & S.) of various sizes, the four largest being about 40 cm. in length. Be- 
sides Porgies there were three dogfishes (Halaelrus torazame Tanaka) and skate 
(Raja meerdervoosti Bleeker), all of moderate size. 

Tank No. 7, “ Physiculus 38 Physiculus japonica Hilg. about 22 cm. Several sea- 
squirts (^Cynthia roretzi v. Drasche) and starfishes (Astejias sp.) were included. 

Tank No. 8, “Yellow-tail”. Sebastichthys (5. mitsukurii Cramer), ranging in length 22 
to 38 cm. 

Tank No. 9, “ Yellow-tail ”. 53 yellow-tails {Seriola aureovittata T. & S.). All being 

young their average length was barely 20 cm. 

Tank No. 10, “ Myxocephalus 7 Myxocephalus {M. raninus J. & S.) about 25 cm. and 

3 Auma {A. emmnion J. & S.) about 34 cm. in length. 

Tank No. 11, “ Globe-fish This tank contained 18 Globe-fish (Sphaeroides rubripes T.J 
& S-), 15 and 33 cm in length. I 


3) PHYSICAL PROPERTIES OF AQUARIUM WATER, 

a) Water temperature. 

Early in May, when the aquarium is opened annually the temperature; 
of the aquarium sea water is usually a little lower than 10°C. It was,; 
for instance, 9.7°C on May 3, 1932, the fresh water aquarium being 9.1°C; 
on the same date. Thenceforth it gradually rises, until it reaches its 
highest, about 25°C at the warmest season, after which the temperature 
gradually falls. When the aquarium closes at the end of October the' 
temperature is usually about 16°C. The following table gives the tempera- 
ture of both the sea-water and fresh-water aquarium compared with the 
temperature of sea water at the laboratory’s pier. 
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(1932) 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

Sept. 

Oct. 

Nov, 

Dec. 

Sea- water aqu. 

— 

— 


— 

11.3 

14.1 

17.9 

24.1 

19.1 

16.5 

— 

— 

Fresh- water aqu. 

— 

— 

— 

— 

10.5 

12.6 

|15.7 

20.8 

17.6 

14.4 

— 

— 

At pier 

7.34 

6.29 

6.81 

8.77 

12.78' 

16.27 

19.80 

23.40 

21.60 

17.60 

13.30 

8.83 


It will be seen from this table that the monthly mean temperature of 
a sea water aquarium slightly differs from that observed at the pier. 
Though the temperature of sea water usually exhibits a diurnal fluctuation 
this has not been observed in our aquarium. As the aquarium water is 
drawn from the sea irrespective of the time of day, while some of the 
previous day’s water remains, the diurnal fluctuation in the tanks is very 
irregular. 

As it may serve as a reference for the management of aquarium, a 
brief account of the diurnal fluctuation of water temperature will be given. 
According to observations, made three times a day, during 1927-1930, at 
our pier, the monthly mean of the diurnal fluctuation of water temperature 
is largest in April and smallest in December, see the following table. The 
maximum diurnal fluctuation in April sometimes exceeds 5°C, e.g. 5,9'' on 
Apr. 9, 1927. Such fluctuation are far greater than have been recorded 
in the open sea where the fluctuation is said to be seldom more than TC. 

(Monthly mean of diurnal fluctuation observed during 1927-1930). 


Month 

Jan. 

Feb. 

Mar. 

i 

Apr. 1 

May 

Jun. 

Jul. 

i 

Aug. 

Sept, 

Oct. 

Nov. 

Dec. 

Fluctuation 

0.5 

1.0 i 

1.3 

2.1 

'i 

1.9 

1 

1.5 

1.3 

0.9 

0.8 

' '1 

1.0 

0.5 

0.4 


On examining the results of the daily observation of the temperature 
of the water in the aquarium we found that there was no temperature 
change other than the seasonal one, and that the aquarium temperature 
always closely approximated that of the sea. 

The temperature of the aquarium water at the time of the experiments 
was 22.6“ and 23.0°C in Exp, I and Exp. II respectively. 
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Table I. 


No. 

of 

Aqu- 


22 . 6 ! 


3 

4 

5 

7 

8 
9 

10 

11 


Water 

temp. 


Change of 
water flow 
per m. in cc. 


Change of pH 


Change of O 2 


Exp. I 


W L 




W 


p.si 


1, 500 
2, 307, 
1, 6221 

2, 500 
2, 727 
1, 500 
1, 023 
1, 041 
1, 445 
2, 142 
1,818 
1, 304 


6221 

1,200' 

800' 

5881 


07 yo '8 . 

49%^! , 
24?^; . 


Exp. II 


Exp. I 


Exp. II 


> 

O 


G 


p.35|S 

0.40 


1 , 364150 ^^'' 
1, ooop7?^! 
76074?^'' 
81879,=’^! 
500 35f^' 
1, 13255 
7o0j41?<;' 
48337?^' 


JO 7. 95 
!7.90l 
18.050.251 
!S.10;0.20i 
17.90:0.30, 


7.700.60 

17.90,0.40 

,7.920.33 

8.0010.30 

8.05;0.25j 

8. 100. 20' 


.307.90,0.40 4. 
7.82'0.4S4. 
;7. 950. 35 5. 
i7. 950. 35 4, 
;7. 800.50 4, 
i i *■=!■ 
7.600.704, 
j7.S5fl.45 4 
,7.700.604 
7.900.404 
7.80:0.50.4 

7.800.504 


i- 


Mean 22.623.0 1,744 92I|52.9« 8.307. 96'0. 348. 30,7. 820. 48 4. 823. 840.994. 653. 31 



b) Specific gravity (S]’) of sea water. 

The aquarium water of the Asamushi Station has a mean annual specific 
gravity of about 24.00. This value is somewhat low as compared with 
that of the adjacent sea, e.g. Tsugaru Strait, where it is generally 25.50 
or thereabouts. This is due to the fact that Mutsu Bay, in which the 
Asamushi Station is located communicates by a narrow entrance with the 
Tsugaru Strait. The sea water which enters from the strait is therefore, 
permanently diluted by the constant inflow of fresh water from the rivers 
which drain into it. Hatai and Kokubo (1928) confirmed the fact that 
the specific gravity of the surface water of Mutsu Bay shows a remarkable 
seasonal change as indicated in the observations of 1926. Observations 
during the succeeding four years demonstrated that their conclusions were 
fairly consistent with the data obtained during the following four years. 
The results of the five years observation, including 1926, are tabulated 
below. From the table it can be seen that every year the specific gravity 
is largest in September and smallest in April, the monthly mean ranging 
from 21.40(1929) to 25.24(1928). The highest and lowest values so far 
observed are 12.87(Apr. 30, 1927) and 26.23(Sept. 7, 19281 respectively 
both probably being exceptional cases. 
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Table II. 


Year 

192G 

1927 

1928 

1929 


Mean 

January 

24.82 

23.86 

23.83 

23.99 

23.81 

24.06 

February 

24.61 

24.01 

24.10 

24.29 

24.63 

24.31 

March 

24.60 

23.39 

23.71 

23.36 

23.93 

23,80 

April 

21.71 

20.45 

21.82 

21.40 

23.43 

21.76 

May 

22.90 

21.94 

22.30 

22.15 

23.95 

22.65 

June 

24.16 

23.59 

23.51 

23.06 

23.79 

23.62 

July 

24.82 

23.34 

r3.91 

23.97 

23.93 

23.99 

August 

24.95 

24.33 

25.11 

25.15 ! 

1 

24.87 

24.88 

September 

25.05 

24.31 

25.24 

25.16 

24.69 

24.89 

October 

24.94 

24.63 

25.09 

25.00 

j 

25.27 

24.09 

November 

24.53 

24.09 

24.15 

24.41 

24.38 

24.31 

December 

24.40 

23.98 

24.33 

24.16 

24.31 

24.24 

Mean 

— 

— 

— 

— 

— 

23.91 


Monthly mean of the specific gravity (S}®) of sea water observed at our pier 
during 1926-1930. Calculated from the observations made three times every day at 
7.00 am., noon, and 400 p.m. 


It will be seen from the table that during the period, Febraury to 
July, the specific gravity shows such remarkable changes that these six 
months may be termed the ‘‘ variable period Contrasted with this the 
six months from August to January might be called the constant period ” 
owing to the definitely fewer changes occuring during this season. 

No doubt the rapid decrease observed during February and March 
might be due to the very large quantity of snow water brought down by 
the rivers into the bay. With the seasonal diminution of snow water the 
specific gravity rises rapidly from early April on and recovers its normal 
value in mid- July. A further rise of specific gravity from this until October 
may be attributed to the predominance of the warm current which comes 
from the Tsugaru Strait. This is also indicated by the fact that tropical 
plankton which commence to appear in August reaches its maximum in 
mid-October. After October the specific gravity, due to the decline of 
the warm current, gradually decreases, but the change during the three 
months, November to January, is relatively slight. It must be remembered 
that the observed seasonal changes refer only to the surface water. With 
deeper water the variation may differ very considerably. 

According to the above mentioned results it will be noticed that the 
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aquarium is opened every year after the maximum fluctuation of salinity 
has passed, though in early May the specific gravity is not only much 
below normal but is also unsteady. These conditions may not be so extreme 
as to affect the physiology of aquarium organisms as the specific gravity 
returns gradually to normal from mid-May onward. From then until the 
aquarium is closed at the end of October no special change has been 
noticed. 


4) EXPERIMENT. 

For the purpose of observing the gas conditions in aquaria the pH 
and oxygen content of the inflow- and outflow waters was determined in 
each tank and compared. As already mentioned the speed of the circulat- 
ing water varies with head in the storage reservoir. Two separate deter- 
minations have therefore been made, viz. Exp. I when the reservoir is 
quite full, Exp. II when the latter is almost empty. By this means the 
oxygen consumption and carbon dioxide output of fishes under different 
gas tensions in the same tank may be measured. The determination of 
oxygen content ivas made by the ordinary Winkler’s method, and the pH 
was measured by using the indicator and colour standard of thymol blue 
and cresol red regarding the salt error to be 0.2 in both cases. 

a) Change of oxygen content. 

Oxygen Content of Water. The oxygen content of the sea water 
close to the entrance of the intake pipe was 4.33 cc per litre, showing a 
percentage saturation of about 91^. On entering the fish tank the oxygen 
content of this water increases slightly by aeration. This increase varies 
for each tank due probably to the amount of air inhaled from the aerating 
fine glass tube. For instance in Tanks No. 1, No. 7 and No. 11 no in- 
crease was observed, although the average increase was 4.82 cc per litre 
at the beginning and to 4.66 at the end, i.e. 93 9^ and 90 9^ respectively. 
It is evident that the aeration not only increases the tension of oxygen 
in the fish tank but it also increases the percentage saturation of freshly 
entering sea water. 

As can be seen from Table III, the oxygen content of the freshly 
entering sea water decreased about 4 % in percentage saturation during 
its 6 hour storage. This may be due in part to the oxygen consumption 
of plankton organisms whose photosynthesis is inhibited due to the lack 
of light in the reservoir, though it may, to some extent, be ascribed to 
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the lessened aeration due to the decreased pressure in the reservoir tank. 

Decrease of Oxygen. In the fish tank the oxygen content decreases 
because of the breathing of the fishes. The rate of decrease is propor- 
tionate to the flow of water and to the number of fishes etc. As already 
mentioned the flow always decreased during the experiment partly due to 
the lowering of head in the reservoir and partly to the choke of the inflow 
pipe. 

The rate of decrease varied according to tank, but on an average an 
initial flow of 1.744 litres per minute (Exp. I) decreased to 0.921 litres 
per minute, i.e. 52 in about 6 hours (Table I). 

Experiment L In Exp. I oxygen decrease of each tank ranged from 
0.18 cc (Tank No. 4) to 2.22 cc (Tank No. 6), showing a mean value of 
0.91 cc per litre. The low value of Tank No. 4 was due both to the 

comparatively high rate of flow and to the lesser quantity of fishes in the 

tank. On the contrary, the oxygen consumption of Tank No. 6 is due 

to the dense crowd of fishes in this tank which was inhabited by large 

Porgies and the deficiency of oxygen was apparently reflected by their 
breathing which seemed more or less laborious. 

When the average value is taken it may be correct to state that at 
22.6°C. the oxygen consumption per minute is 1.73 cc per tank when the 
incomming sea water is delivered at the rate of 1.744 litres and the fishes 
are kept in the usual numbers. Extreme cases show much difference, the 
largest consumption being, (Tank No. 6), 5.55 cc per min. and the smallest 
(Tank No. 4), 0.45 cc per min. From these results it can be seen that 
if the flow of water to Tank No. 6 were reduced to only 1 litre per 
minute the fishes w^ould have to absorb the oxygen until its tension becomes 
0. This might prove impossible physiologically as the dissociation of oxygen 
from the blood of fishes may safely be made when the oxygen tension 
is kept higher than one third of the normal. In the case of Tank No, 
6, therefore, roughly more than 1.5 litres of water should be supplied 
every minute in order to keep the fish normaly. 

When expressed in terms of percentage saturation the decrease of 
oxygen in each tank may be tabulated as follows. 
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Table III. 

Decrease of oxygen content shown in percentage. 


No. of 
tank 

Exp. I 

Exp. II 

Percent, sat. 
of inflow 
water {%) 

Percent, sat. 
of overflow 
water {%") 

Consumption 
of O 2 in % 
for initial 
content 

Percent, sat. 
of inflow 
water (^%') 

Percent, sat. 
of overflow 
water {%) 

Consumption 
of O 2 in % 
for inital 
content 

1 

91 

74 

19 

86 

57 

34 

o 

94 

73 

22 

86 

73 

16 

3 

98 

76 

21 

98 

86 

30 

4 

92 

88 

4 

97 

74 

23 

5 

91 

62 

32 

87 

40 

53 

6 

94 

52 

46 

86 

43 

50 

7 

94 

79 

16 

83 

75 

1 10 

8 

95 

77 

20 

93 

61 

39 

9 

92 

89 

26 

88 

66 

35 

10 

91 

75 

5 

85 

66 

26 

11 

98 

85 

15 

90 

60 

22 

Mean 

93 

75 

21 

89 

63 

31 


The above table shows that the lowest percentage saturation of outflow 
water was 

Experiment II. Experiment II was carried out 6 hours after Exp, I, 
when the reservoir is almost empty. Taking the average of all the tanks 
the flow had decreased by about 48^. The rate of decrease of flow varies 
according to the tank, ranging between 24 9^ and 7994 of the initial flow. 

It might be expected that the decrease of oxygen per minute per litre 
of water would increase inversely with the rate of flow, assuming that the 
rate of oxygen consumption of fishes remains constant through the range 
of oxygen tension under discussion. That this was actually the case can 
be seen by the last three columns of Table L According to the mean 
value the decrease of oxygen per litre was 1.44 cc, i.e. about 1.5 times of 
the initial rate of decrease. Therefore it follows that when the rate of 
flow becomes 1/1.9 of the initial flow the oxygen decrease becomes 1.5 
times as much as the initial rate of decrease. 

Calculation from the mean value (1.44-0.92) shows that the oxygen 
consumption per minute is 1.33 cc per tank. From a comparison of this 
value to that of the Exp. I it will be observed that the consumption in 
Exp. II is much less than in Exp. I. Though Hall (1929) found recently 
that in some fish the rate of oxygen consumption depends upon the oxygen 
tension of the water, the decrease in this case can not be compared with 
Hall’s result. In the present experiments some considerable amount of 
oxygen may have been drawn from the open surface of the tank. Accord^ 
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ingly it appears that the oxygen consumption may actually have been 
almost the same as in Exp. 1. 

Summing up the above result it may be stated that under normal 
summer conditions at Asamushi the decrease of oxygen content per minute 
in the feeding water in each tank ranges from 1.33 to 1.73 cc on an 
average in the eleven tanks. In a very crowded tank (Tank No. 5, Exp. 
II) the decrease may be as great as 6.48 cc per minute. As the rate of 
flow slows down the decrease of oxygen per minute increases, but if the 
speed of the flow is taken into account the total decrease seems to remain 
almost constant. 


b) Change of pH. 

pH OF Sea Water. The pH of fresh sea water in shore near the 
orifice of the suction pipe was 8.30 before it was drawn into the reservoir. 
It showed no change during its six hour storage. According to my previous 
work (1932) the annual mean pH of the off-shore water was found to be 
8.21 in 1929, and 8.19 in 1930. The highest value found was pH 8.30, 
on Sept. 19th, 1929, when the diatoms vegetated abundantly. In the 
Asamushi aquarium water which is drawn up from the littoral zone where 
algae flourishes, a pH of 8.3 has frequently been observed. As already 
mentioned the oxygen content of the sea water decreased slightly during 
storage, while the pH showed no change in spite of the fact that the 
respiration of plankton organisms probably evolved carbon dioxide due to 
lack of sunlight. 

The excess base on which the pH of sea water is dependent was 
24.3 cc as measured by McClendon’s method (1917) on fresh sea water. 
According to Brown (1929) the excess base of aquarium water which 
was 23 cc at first decreased to 16 cc after being in use for one month. 
In the “present experiment this measurement was not made as the water 
was in a state of constant replenishment so that no appreciable decrease 
was anticipated- 

Decrease of pH, According to Atkins (1922) the reservoir of the 
Plymouth Aquarium is always at a pH of about 7.6, a decrease of pH 
0.6-0.7 as compared with fresh sea water. In the fish tanks, however, 
the pH usually varied between 7.50 and 7.27, and in some abnormal cases, 
it was as low as pH 7.2-7.05. Stowell (1925) observed the pH of the 
tank water of the Zoological Society’s Aquarium, London, and states that 
the pH of the outflow varied between 7.70 and 7.85, while the pH of the 
shelfering tank remained at 7.85. In Stowell’s case the decrease of pH 
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is very slight either because of the relatively small number of fishes in 
the tank or because of the rapid change of the tank water. Brown 
(1929) also studied the water of the aquarium of Zoological Society of 
London and found that the pH of the tank water ranged from 7.02 to 
8.22. Among the tanks which he observed the dogfish tank which seems 
to have been the most crowded showed a mean pH of 7.25. 

Research indicates that the pH of the outflow water of the Asamushi 
aquarium is much higher than those of the above aquaria. This is dobt- 
less due to the rich supply of fresh sea water whose pH is much higher 
than those of water kept for a long time in storage. 

Experiment I. The oxygen consumed by fishes in a tank is used for 
oxydation in the fish’s body and is secreted in the vi^ater as carbon dioxide. 
Assuming the R. Q. of fishes to be 0.8 the 100 cc of oxygen absorbed 
by the fishes will produce 80 cc of carbon dioxide. The CO 2 thus evolved 
greatly increases the tension of this gas in the tank water so that the 
acid base equilibrium of the sea water is shifted to the acid side, thus 
decreasing the pH of the water. 

In Exp. I (Table I) the pH of inflow water which was 8.3 decreased 
to 7.96 taking the mean value of eleven tanks, showing a mean difference 
of pH 0.34 between inflow- and outflow water. The extent of change 
varied with the tank, the range being from pH 7.70 in Tank No. 6 to 
pH 8.10 in Tank No. 11. In cases where the change was extreme the 
decrease of pH attained 0,60. This change is reflected by the fact that 
the tank in question was densely crowded. Comparing the decrease of 
pH with that of oxygen one will note that in tank No. 4 where the oxygen 
decrease is least the pH decrease is also and vice versa (e.g. Tank No. 
6). Although the order of the tanks dose not strictly coincide with the 
decrease of pH and oxygen, both values are nevertheless approximately 
proportional. 

Experiment IL As previously noted the reduction of the flow resulted 
in a rapid decrease of oxygen content. Comparison of Exp. I with Exp. 
II suggests similar relation in respect to the change of pH values, showing 
that the slower the flow the lower the pH becomes. In Exp. 11, as in 
the case of oxygen, the pH of the inflow water was 8.30, showing no 
change in the course of 6 hours. The outflow water, however, showed 
a much lower pH than that in Exp. I, giving a mean value of 7.82. The 
difference, therefore, between inflow and outflow water turns out to he 
0.46, The range of the change of pH was from 7.6 to 7.9, showing a 
lower range than that in Exp. I. As in Exp. I the lowest and highest 
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pH were found respectively in Tanks No. 6 and No. 4. 

The mean decrease of pH in Exp. II (pH 0.48) is less by pH 0.14 than 
in Exp. 11. The greater decrease is due doubtlessly to the reduced speed 
of inflow water in Exp. 11, as will be surmised from the greater consump- 
tion of oxygen in Exp. II than in Exp. I. 

Atkins (1922) shows that whilst the reservoir was at pH 7.60 the pH 
of the tank water ranged from 7.57'"7.27 in one case to 7.72-7.45 in 
another case. Assuming the mean value (pH 7.48) of these four observa- 
tions to represent the pH of the tank water it will be seen that the pH 
difference between reservoir- and tank water is pH 0.17. In Stowell’s 
(1925) case the pH of the outflow (pH 7.78) was lower than that in the 
sheltering tank by pH 0.07. Brown’s (1929) results shows that in the 
dogfish tank, which seems somewhat crowded, the pH was 7.25 taking 
an average of nine observations and showed a difference of pH 0.89 in 
comparison to the pH of new water which showed pH 8.14 as the average 
of three observations. 

Of course no definite value can be obtained in respect to these differ- 
ences as it is difficult to compare the different aquaria on a basis of identical 
factors, on which this difference depends. Summing up the above inves- 
tigations it can, however, be concluded that under normal conditions in 
an aquarium the difference of pH between the inflow and outflow water 
ranges within a limit of 1.0 in pH. 

5) DISCUSSION. 

Among the chemical properties of sea water the oxygen and pH factors 
are of significance in the sense that, through the respiration and photosyn- 
thesis of marine organisms, they are closely interelated with each other. 
Photosynthesis, having no relation to the aquarium problem, has been 
ignored in the present case. The changes of both factors are still of much 
importance as seen from the stand point of physiology. Why this is so, 
is due to the fact that the CO 2 which affects the pH of water is evolved 
from oxygen consumption of fish, while the oxygen consumption is con- 
trolled by the CO 2 (in this case pH), which decreases the oxygen-combining 
power of fish blood. 

As just stated, the amount of CO 2 evolved by the respiration of fishes 
can be calculated from the oxygen consumption if the respiratory quotient 
of aquarium animals is known. On the other hand the amount of CO 2 
can be found graphically from pH according to McClendon (1917). Based 
on these ideas a brief discussion will be made in respect to the gas condi- 
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tion of tank water. In the present experiment the water surface of the 
tanks was kept open instead of sealed as is usually done in the respiratory 
study of fishes. So that the result may be no more than showing the 
quantitative relations of the experiment in which the Oo and COo were 
allowed to invade or evade from the surface of water. 

From the result of Exp. 11 (Table I) it will be noted that in the 
average of eleven tanks about 1.44 cc of oxygen was absorbed by fishes 
every minute. If, therefore, the R. Q, of fishes is assumed to be 0.8, 
about 1.15 cc of CO 2 should be evolved in the water by the respiration 
of the fishes. According to McClendon (1917) 1.15 cc of CO 2 per litre 
of water corresponds to about 0.07 in pH when the excess base is 24.5 cc. 
Consequently the pH which was 8.30 at first should decrease to 8.23 on 
accouht of the increase of COo, but instead of finding such a slight decrease 
we found a marked decrease, down to pH 7.82. When the CO 2 is cal- 
culated from the decrease of pH (pH 0.48) it amounts to 7.43 cc as the 
pH 0.1 corresponds to 1.53 cc of CO 2 . According to the calculation it 
follow's that there is a difference of about 5.97 cc between the calculated 
and the observed amounts. If, on the other hand, the 7.4 cc of CO 2 was 
actually secreted the R. Q. of fishes must be 5,2. This is unreasonable. 

Oxygen entering from the surface of the water might account for at 
least part of the discrepancy. Because the oxygen infused into the water 
from surface, in addition to the oxygen in the inflow water, might also 
play a significant part in producing CO 2 . Another large factor may possibly 
be the decrease of pH caused by the acid substance secreted by fishes. 
This is probable as the excreta of fishes may stagnate for a long while 
on account of the slow' exchange of tank water, thus decreasing the alkali 
reserve of the sea water. In this regard Brown (1929) also states that 
the organic acid which are produced during metabolism neutralize some 
of the excess base, thereby reducing the buffering power of the water. 

According to the data of my unpublished experiments of certain marine 
fishes made by using the closed circulatory system, the CO 2 production 
measured by the pH method shows considerable error. This is caused by 
the inaccuracy of the colorimetric reading of pH which can not be greater 
than 0.05 in pH. pH 0.1 corresponds to about 1.53 cc of CO^ ; hence it 
is impossible to detect a difference smaller than 0.75 cc (COg) when the 
pH method is used for the purpose of determination. From what has so 
far been stated it must be conceded that it is not at all easy to make a 
quantitative study of gas exchange by using the above mentiond method. 

In respect to the attainable low pH of tank water Atkins (1922) states 
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that when the water is in such condition some of its inmates would die. 
When the pH which had previously been 7.6, reached pH 7.3 symptoms 
of distress appeared among the fishes. In Stowell’s (1925) experiment 
none of the tanks showed pH below 7.70, but Brown (1929) found the 

pH SO low as 7,02 in a tank containing dogfishes. According to Me 
Clendon (1917) the tension o£ CO 2 becomes 6.2 mm when the pH of sea 
water drops to 7.02, provided the excess base i.e. alkaline reserve maintains 
its normal value. 

The lowest pH observed in the present experiment was 7.6, in Tank 
No, 6, which was the most crowded of all. As a pH of 0.1 corresponds 
to 1.53 cc (per L) of CO 2 the decrease of pH from 8.3 to 7.6 means an 
increase of 10.71 cc (per L) of CO^. Though it was not clear whether 
this was due to the oxygen deficiency or to the low pH the Fogies in 
this tank showed an apparently laborious respiration. Comparing this pH 
to Atkins’s result, mentioned above, the symptoms of distress appeared 
at a much higher pH than in his experiments. This may have been due 
to the low oxygen content of the breathing water. 

As will be seen from Table I a comparison of the oxygen consumption 
in Exp. I with that of Exp. II shows that the consumption in the latter 
case (1.33 cc per minute) was less than in the former case (1.73 cc per 
minute) by 0.4 cc per minute. This difference cannot be regarded as being 
due solely to the difference of oxygen tension in the breathing water in 
both experiments, inasmuch as the present experiment was not made in 
a closed circulation system. This difference may be due to the difference 
of the rate of oxygen invasion from the atmosphere into the tank water 
in the two experiments. 

In closing the author expresses his cordial thanks to Prof. J. F. Me 
Clendon for the valuable criticism. 

SUMMARY. 

1) The respiratory conditions of aquarium water were studied laying 
str^s on the change of oxygen and pH changes of the circulatory water, 

2) The rate of the decrease of oxygen content in water varies with 
the speed of the circulating watar. Under the aforementioned conditions 
the mean decrease of oxygen per litre per minute is respectively 0.99 cc 
and 1.44 cc when the speed of water is 1.47 litres and 0.92 litres per 
mhmte. 

3) The pH dearease of water also varies with the speed of circulating 
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water. Taking the mean value the rate of pH decrease per minute is 
respectively 0.34 and 0.48 when the speed of water is 1.47 litres and 0.92 
litres per minute respectively. 

4) The lowest oxygen content of tank water registered during the 
experiment was 2.096 cc per litre (Tank No. 6. Exp. II). The mean 
oxygen content of the outflow water varied from 3.84 to 3.31 cc when 
the speed of w^ater flow varied from 1.74 to 0.92 litres. 

5) The lowest pH of outflow water varying from 7.96 to 7.82 when 
the speed of water flow varied from 1.74 to 0.92 litres. 

6) From the calculation due to pH change the CO^ evolved in tank 
water by fishes is 10.71 cc per litre per minute. When this is the case 
the fishes seem to show symptoms of distress as the oxygen supply is 
more or less decreased. 

7) In the aquarium conditions under review the fishes can be kept 
normaly by a water supply of 1-2 litres per minute. 

8) During the aquarium season (May to November) the water tempera- 
ture seasonally changes from about 9'C (early in May) to about 24°C 
(mid- August). The change of specific gravity of the ivater ranged between 
about 21.00 to about 25.00, during the same season. 
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Of the many intricate problems concerning Molpadid-classification that 
of the specific limitation within the genus Paracaudina is one of the most 
interesting and for the present one of the most confused, a confusion 
which has led to a vei'y deplorable wrong determination of the Japanese 
species so much used for studies in the anatomy, physiology, and biology 
of Molpadids. 

In 1925 Dr. Mortensen showed (Echinoderms of New-Zealand and 
the Auckland-Campbell Islands IV. pp. 363-367)^^ that the three species 
chilensis JoHS. Muller, coriacea Hutton, and australis Semper are well 
limited species, rather easily distinguishable, and he furthermore pointed 
out that the Japanese form ransonetii V. Marenzeller could not be the 
same species as chilensis as maintained by H. L. Clark in “ The Apodous 
Holothurians In 1928 Hozawa published his beautiful study of the 
anatomy of ransonetii V. Marenzeller®^ using the name chilensis Johs. 
Muller for the species, evidently without knowing Mortensen^s paper. 
On Dr. Mortensen’s calling his attention to the fact that the name he 
had used could not rightly be used for the Japanese form, Prof. Hozawa 
handed Dr. Mortensen’s letter to Prof. Ohshima, who then in a pamphlet 
named “ The Caudina of Asamushi pointed out that neither the systema- 
tic characters used by Mortensen nor the way in which he used them 
were able to change the standpoint reached by Prof. Clark and adopted 
by Ohshima, Benham, and Joshua & Creed. 

During the studies of the large collections of Molpadids from the 

O Papers from Dr. Mortenssn’s Pacific Expedition, XXIX, Vid. Med. Dansk Naturh. 

Forening, Bd. 79, 1925. 

Smithsonian. Contributions to Knowledge, Vol. XXXV, 1908. 

Science Rep. of the Tdhoku Imperial University, Fourth Series, Biol., VoL III, No 3, 

Fasc. 2, 1928. 

•^^Annot Zcol. Japonenses, Vol. 12, No. 1, 1929. 
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Danish “ Ingolf ’’-Expedition, from Dr. Mortensen’s collections, and from 
the German '' Valdivia ’’-Expedition the present author has come to the 
conviction that Mortensen is right in using the calcareous deposits and 
the calcareous ring in the way he has done it in the named paper, and 
I wanted then to undertake an examination of the Japanese Molpadids 
and form my own opinion of the question whether the Japanese species 
is really identical with chilensis, as maintained by Clark and Ohshima 
against the opinion of Mortensen. By the great kindness of Prof. Hozawa 
I received an exceedingly fine material of ransonetii from Japan and Prof. 
Arndt, Berlin, gave me the opportunity of reexamining the type specimens 
of Jobs. Muller’s Molpadia chilensis, I beg here to express my sincerest 
thanks to these two gentlemen. Unfortunately some Australian specimens 
promised me more than a year ago, have not arrived, but as the problem 
mainly concerns the Japanese and the South-American forms I think it 
better not to await the problematic arrival of the Australian material and 
not to put off publishing the results of my studies any longer, 

I. 

Some Critical Remarks to our Present Knowledge of 
'' Caudina'' chilensis (Jobs. Muller). 

In ‘‘ The Caiidina of Asamushi ” (Annot. Zool. Jap., 12, 1929} Ohshima 
first points out how important this “ Caudina ” is, being the only Molpadid 
which is rather easily collected and thus the only one which may be used 
regularly for scientific researches and experiments. And so it is, indeed, 
used ; more than ten memoirs are published dealing with the physiology, 
biochemistry, development, anatomy, and ecology of this Holothurian. In 
all these memoirs the species is named Caudina chilensis (JoHS. MiiLLER), 
based as Ohshima states upon my (his) identification of the specimens 

Thereupon the taxonomical difficulties of the species chilensis are shortly 
mentioned and then, where the reader expects that Ohshima is going to 
settle these problems he shortly states that he “ has no intention to settle 
the problem now in this short note, but some critique of Mortensen’s 
paper may be of no little use”. He states further that this critique is 
not based upon own studies, but are “ chiefly based on Hozawa’s recent 
work (“ Calcareous deposits of Caudina chileftisis ” 1928) which is a result 
of careful examination on a great number of specimens, and thus well to 
be trusted ”. Hozawa’s work is indeed exceedingly fine, and having 
examined the specimens sent by Prof. Hozawa himself the present author 
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is able to state that it is anatomically seen quite correct. In spite of this 
it is quite evident that Hozawa, having his attention devoted particularly 
to the '' Changes occurring with advancing age in the calcareous deposits ” 
of this species, and apparently not having any thorough knowledge of 
the classification of the group, has not clearly seen what is classificatorily 
characteristic of the species examined. He describes the different shape 
of the calcareous ring within the four developmental stages, but he does 
not point out which characteristics show that it is in all the four stages 
a ring of that special species and not of any other, and he gives numerous 
figures of calcareous deposits but without pointing out clearly which shape 
is the really characteristic one and may be found in all the different stages. 
In PL XIV, fig. 4 Hozawa figures how low and broad the interradials 
may be in small specimens and in PL XVII, fig. 22 how narrow and high 
they may be in old specimens, and the comparing of these two figures 
led Ohshima to the supposition that it is wrong to use the calcareous ring 
as a systematic character. However, the examination of the specimens at 
hand does not show so great a variation, the smallest specimens having a 
narrower and the largest specimens (being larger than that figured by 
Hozawa) having a wider interradial than shown in Hozawa’s figure. And 
as to the deposits Hozawa usually does not figure the normal ones, only 
the much modified, though normal ones may be found also in these large 
specimens. 

In criticising Mortensen, Ohshima states that “one must note that 
it is by no means safe to decide the species distinction by simply examining 
a few illustrations of calcareous deposits ; — Mortensen gives four figures 
of calcareous deposits for coriacea and three for each of chilmsis and 
australis, among them one for each species is in side-view To this it 
must be said that ope has little reason to suppose that Mortensen has 
decided from his few figures and not from his examination of the numerous 
deposits in the preparations. The comparison of the specimens of the 
different species at hand has convinced me that Mortensen is right in 
using the shape of the deposits as specific characters, though they may 
be rather alike and often difficult to separate for an untrained eye. 

As Ohshima remarks (p. 42) that the size of Mortensen’s specimens is 
not given, I may here state that the size of Mortensen^s ^ecimens is : 
australis-QB cm., conncca-lO.B cm., and cldlensis-l&.Q cm. Ohshima sug- 
gests that “ judging from the types of those deposits (i.e. those figured by 
Mortensen) we may infer from Hozawa’s result that the cormcea-type 
represents the youngest, the chilensis-type the medium sized, whfle the 
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australis-ty^e represents the oldest stage; if we suppose that the three 
species are really but one and the same species This suggestion accord- 
ingly does not hold very well. 

As to the calcareous ring Ohshima states : ‘‘ Mortensen tries to take 
the shape of the calcareous ring as one of the characteristics to distinguish 
Holothurian species. So marked a structure, and so diversely formed, this 
organ is apt to lead one to regard it as of too much importance in taxonomy. 
My impression is that the form and structure of the calcareous ring do 
show characteristics of each species^ but are not in accordance with natural 
affinity of groups, being rather variable, due to adaptation to the modes 
of life Contrary to Ohshima I must howe^rer maintain that in any case 
within the Molpadids the shape of the calcareous ring gives, in spite of 
changes due to age, the best base for separating genera and families. In 
this connection it does not help to take examples from the other families 
of Holothurians e.g. from the Cucumaria and Phyllophorus, as done by 
Ohshima. Further, though I am not able to state much about the value 
of the ring within these groups, I suppose that a closer study of the anatomy 
of the species belonging to these groups will result in a division of them 
corresponding to differences in the shape of the calcareous ring. 

On page 430 Ohshima states that : Mortensen seems to attach im- 
portance to the shape of the anterior margin of the radial segments of the 
calcareous ring. It is a general rule among the Holothurians that possesses 
15 tentacles, irrespective of whether they be Molpadiidae or Cucumariidae, 
that the radial segment of the calcareous ring has its anterior margin 

divided by a projection into two unequal indentations The position of 

the median projection, whether it shifts to either extreme or remains not 
far from the middle, and the relative size of the two identations thus 
formed, are not so constant as Mortensen appears to consider. One can 
see that it is quite a variable feature even in Hozawa's illustrations (figs. 
4, 9, 15, 22)”. 

To this I am obliged to say that Ohshima appears to have not quite 
understood the building up of the radials within the Molpadids. They 
do not have their anterior margin “ divided by a projection into two unequal 
indentations”, but they have two projections, normally separated by a 
medial indentation, and the one of the projections, the muscular projection 
(i.e. that to which the longitudinal muscles are fastened) has usually a 
passage for the nerve, either a perforation (e.g. in the genus Molpadia) 
Or a notch (e.g. most species of Paracaudina). Such a passage may be 
lacking (e.g. in coriqcea as stated by Mortensen ; he has not overlooked 
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any notch as Ohshima supposes). 

The building up of the calcareous ring in the Molpadids is the most 
easily understood when one goes out from the ring in a Synaptid with 
15 tentacles (e.g. Pendecaplectana), In such a specimen there are 5 radials 
and 10 interradials placed in such a way that a tentacle may be inserted 
between each two pieces. When in such a ring each of the radials coalesces 
with one interradial, we get a ring with five interradials and with five 
radials, each of which latter consists of two parts of different origin, which 
is indicated by the presence of two anterior projections, or perhaps better 
by the presence of insertions for one whole and two half tentacles, (cf. 
PL VIII, fig. 1) i.e. a normal Molpadid-ring, and when instead of the hole 
in the radials there is only a notch for the passage of the nerve and the 
radial canal, w^e have a normal ring of a Paracaudina e.g. of P. ran- 
sonetii (v. Marenzeller). That such an alteration may really take place 
is seen within the Chiridotids and the Myriotrochids. All the Chiridotids 
with 12 tentacles have 12 pieces in the calcareous ring, and some species 
have some or all the radials notched and not perforated (e.g. Chiridota 
pisanii Ludwig). In the Myriotrochids with 12 tentacles there are only 
10 pieces, but the two dorsal radials are obviously composed of two pieces, 
one of radial and one of interradial origin. From the diagrammatical 
figures (PI. VI, fig. 14-18) it is easily seen how the shape of the calcareous 
ring is to be understood, and how the tentacles are placed between the 
anterior tips of the pieces, indicated by the arrows in fig. 18. 

As to the so-called Cuvierian organs found by JoHS. Muller and refound 
by Mortensen, the present author may only state that they exist, without 
being able to say what they are. Ohshima states that it is not very 
clear from his (Mortensen’s) statement whether he did find such in 
Muller’s type specimens ”, but as he uses these organs as characters usable 
for classification and denies their presence in the two other species it seems 
evident that he has seen them in the type of chilensis. 

From what is stated above it would seem evident that the reasons 
given by Mortensen are at any rate so much more weighty than those 
of Ohshima, especially as Mortensen has decided from the examination 
of specimens, and a well understood examination too, whereas Ohshima 
has only decided from the rather few figures given by Mortensen and 
Hozawa; which he himself states is “by no means safe”. 

As it will appear from the following description of the characters usable 
in the classification of this genus, Mortensen is quite right in his supposi- 
tion that chilensis Muller, australis Semper, coriacea Hutton, and ran- 
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sonetii v. Marenzeller are separate species, and thus the problem of 
“ Caudina chilensis (JoHS. Muller)” is— I think— definitely settled, and 
that in the way pointed out by Mortensen in 1925. 

II. 

Description and Comparison of the Systematical Characters oE 
“ Caudina ” chilensis and Allied Species. 

When dealing with the classification of Molpadids, one of the greatest 
problems is, which characters are usable for separating genera and species. 
The different apprehensions hereof are nearly as many as are the students 
of the group. Naturally the only safe way is to take all characters, macro- 
and micro-anatomical as well as eidonomical, into consideration, but even 
in doing so the great variation of the characters and the fact that often 
only few specimens are available" afford great difficulties. 

As the appearance of the specimens is usually dependent on the way 
of preservation and the degree of contraction, and the greater part of the 
anatomy is often quite spoiled by the strong contraction, the main character 
used is the shape of the calcareous deposits ; beside this, several authors 
have used the shape of the calcareous ring. As a matter of fact the 
combination of these two characters may in nearly all cases serve to distin- 
guish the species with a rather high degree of certainty, and when further 
a few other characters are taken into consideration, the determination of 
a specimen may be nearly quite certain. 

In the case of “ Caudina ” chilensis Ohshima, of course, admits that 
the shape of the calcareous deposits serve as a good systematical character, 
but according to Hozawa's work he does not suppose that the differences 
pointed out by Mortensen in 1925 are sufficiently clear to allow a distinc- 
tion between different forms (species ?) ; the use of the calcareous ring for 
specific distinction he will not admit. A closer examination and especially 
a careful comparison of the deposits and of the calcareous ring, the retractor 
muscles and the genital papilla, definitely show that Mortensen is right 
in his distinction between the species. For showing this clearly a descrip- 
tion and a discussion of the named characters are necessary. 

a) Calcareous Deposits. In “The calcareous deposits of Caudina chi- 
Imsis^^ ” Hozawa states that the fully developed spicules are “ rings which 
mclose a cross on the one face and a square on the other, the cross 

Tills title is an abreviation of: On the Changes occurring with Advancing Age in the 

Calcareous Deposits of Ccmdiim chilensis (Y. MUller), proposed by Hozawa himself. 
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and square being scarcely separated from each other This description 
of the deposits is seemingly quite correct, but a closer examination with 
a high magnification ( x 1800), as well as a comparison with other Holo- 
thurians shows that it leads to a wrong apprehension of the deposit, 
which further has occasioned Ohshjma’s difficulties in distinguishing between 
the different forms. 

The normal fully developed deposit or “ button ” (Text-fig. 1) consists 
of a little octogonal plate, the basal plate, with five perforations, a large 
usually circular central-hole (c.) and 
four oblong marginal holes {m.). Over 
this plate and, as Hozawa states, 
always on the exterior surface is a low 
spire ’’ in the shape of a cross-bridge 
(c.6.), placed with the four stems at 
the outer margin of the marginal holes. 

This arrangement of the cross-bridge 
quite agrees wnth the way in wffiich 
the bridge is placed over the side holes 
in the anchor-plates of the Synaptids 
(e.g. of Synaptula), (As the cross- 
bridge is developed directly of the 
primary cross or better is the primary 
cross, it is not at all homologous with 
the bridge in the Synaptid plate, only 
its arrangement according to the mar- 
ginal holes is the same as that of the 
Synaptid bridge to the side holes of the anchor-plates). When compared 
with the deposits of other Holothurians the ‘‘ buttons of Paracaudina thus 
quite resemble the tables of some aspidochirote forms as these are drawn 
by Ekman in 1925 (Systematisch- phylogenetische Studien fiber Elasipoden 
und Aspidochiroten) p. 436, Fig. C. b ; only the crown Is totally lacking. 

In normal plates we thus do not find twelve holes as stated by Hozawa, 
but only five, the large number being only found when in abnormal plates 
the cross bridge is more closely united with the basal plate, being then 
placed in the same plane and not over it. Besides the mentioned five 
perforations some few additional holes (a.) may be found, even in quite 
normally developed plates, but the appearance of such holes is usually 
combined with anomalies in the shape of the basal plate. 

The margin of the basal plate is more or less regularly undulating 



Text-fig. 1. Diagrammatical figure 
of a calcareous deposit from the body- 
wall of a Paracaudina (ransonetii) 
a . — additional hole, 
c. — central hole. 
a b, — cross-bridge. 

ki-k ^. — knobs of 1st to third order. 
m , — marginal hole. 
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and the exterior surface of it is often supplied with knobs (k.). These 
knobs are rather regularly placed and may according to their place and 
occurrence be named knobs of first, second or third order {h,, h.), and 

in this way that the knobs opposite the stems of the cross bridge are of 
the first order, those opposite the additional holes of the second and those 
between the marginal and the additional holes are of the third order. 

Such normal deposits are figured by Hozawa in his different plates, 
but besides those he has shown a large number of more or less deviating 
ones, without clearly pointing out which is the real typical shape. In PI. 
V, fig. 1-2 I have drawn two quite typical deposits from a little specimen 
belonging to Hozawa's “ first stage and in the figures 3-18 are shown 
deposits from gradually larger specimens. It is obvious that the deposits 
are different in the different specimens, and a joint correlation with the 
size of the specimens may be found, but this is not quite so striking as 
figured by Hozawa. In the largest specimens in which according to 
Hozawa the deposits are all typically diverging from those of the smaller 
specimens, deposits may easily be found which, except for the surrounding 
yellow substance, quite agree with those found in quite small ones (cf. fig. 
1-2 and fig. 17-18). That the larger part of the deposits in old specimens 
are abnormal in shape and furthermore are surrounded by the interesting 
clear yellow stuff, is, seen from a classificatory point of view, of no great 
importance as the typical and for the species quite characteristic shape of 
deposits may be found in all specimens, the smallest as well as the largest. 

When we now compare the deposits of the other species of the genus 
with what is found in the Japanese one {mnsonetii (v. Makenzeixer)), it 
is evident that they are distinctly different. The deposits of coriacea 
(Hutton) are very regular (incomplete and thus irregular ones are natur- 
ally found, but I only speak of the typical and for the species characteristic 
ones) and exceedingly uniform (PL VI, figs. 8-13). In the one specimen 
(that from New Brighton) the deposits (PL VI, figs. 10-13) are all thick 
and fat and without knobs, but in the specimens from Tiri-Tiri the 
deposits (PL VI, figs. 8-9) are more slender and with large ‘"fat” knobs 
which distinctly differ from the knobs found in mnsonetii and chilensis 
(PL VI, figs. 1-4). It is true that some deposits from mnsonetii may be 
rather like those in coriacea (cf. Hozawa PL XIV, fig. 2 c and PL XVI, 
fig. 11 c), but when a larger number of deposits are compared the differ- 
ences are quite clear. As it also appears from the figures in PL V, the 
deposits of the specimens from Tiri-Tiri rather definitely differ from those 
of the Specimens from New Brighton, and probably the specimens really 
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belong to two different forms of Paracaudina. The scanty material at 
hand does however not allow a clearing up of this problem, and as to 
the problem dealt with in this paper it is really sufficient to show that 
coriacea (this species being composed of t^vo varieties or not) is at any 
rate clearly different from mnsonetii, australis^ and chUensis, 

The deposits of chilensis (JoHS. Muller) (PL VI, figs. 1-4) are as those 
of coriacea rather thick, but they have not the fat ’’ appearance, and 
when they have knobs these are more conspicuous. 

The deposits of australis (Semper) (PL VI, figs. 5-7) differ distinctly 
from those of coriacea and chilensis as also shown by Mortensen in 1925, 
as the cross bridge is not developed, and the deposits themselves are rather 
irregular and supplied with a varying number of holes and knobs. They 
are to some degree like some of the abnormal deposits found in ransonetii 
(cf. Hozawa PL XIV, fig. 2 b) but also here the typical appearance of 
the deposits is very different, and moreover deposits with well developed 
cross-bridge do not seem to occur in australis. 

As it appears from this description a careful comparison of deposits 
from the four species concerned allows a clear distinction between them, 
and the few deposits in one species wffiich may strikingly resemble some 
of the deposits in another species may only be regarded as indicators of 
the common genus to which they all belong. Such cases of resemblance 
are indeed found within most genera of apodous Holothurians. 

b) Calcareous Ring. As shown by Hozawa the appearance of the 
calcareous ring may alter during the life of the specimen, but in spite of 
this the real, characteristic shape is strikingly constant. It appears that 
Hozawa has cleaned the calcareous pieces too much before drawing, in 
that the insertions of the tentacular muscles and the tentacle ampullae are 
removed. In spite of this it is evident also from Hozawa’s figures that 
the radials have two anterior projections one of which is distinctly notched 
for the passage of the nerves and radial canals. This process, to which 
the retractor is fastened, we may designate as the muscular process, the 
other accordingly the non-muscular process. The impressions for the 
insertions of the tentacle muscles are rather large, but not so deep as 
those of chilensis and coriacea. The insertions for the retractor muscles 
are rather deep and in the largest specimens there may be found a faint 
furrow from the insertion of the retractor muscle to the anterior notch 
(PL VII, fig. 3). In chilensis (PL VII, fig. 5) the insertion for the retractor 
muscle is large and deep, which nicely conforms with the long and well 
developed retractors; a real notch is absent, as the furrow .from die 
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muscular insertion to the top of the projection is uroad and deep. All 
the muscular impressions in the surface of the ring are very deep and 

more conspicuous than those in the ling of 
ransonetvL On comparing my figure (Id. 
VII, fig. 5) with that given in fig. 47, c of 
Dr. Mortensen’s paper it would secmi that 
the latter must be incorrect. This is, how- 
ever, not the case ; the differences are 
mainly due to the fact that in the said figure 
no attention has been paid to the sculpture 
of the calcareous ring, only to the differ- 
ences in the anterior outline found in the 
various species. I am reproducing here 
(Text-fig. 2) the said figure from Dr. Mou- 
tensen’s paper and together with it the 
same figure with addition of the sculptural 
impressions. These two figures clearly show 
that the figure from Mortensen’s paper 
(Fig. 47, c) in reality corresponds very well 
with mine (PL VII, fig. 5). 

The calcareous ring of australis (PL 
VII, figs. 8-9) differs distinctly from that of the two named species (as 
also from that of coriacea) in having very faint impressions for the ten- 
tacular muscles, and in having a very sharp and narrow, deep notch in the 
muscular processes. Furthermore it differs in a curious way from the other 
rings in the top of the interradial and the radial non-muscular processes 
being free of the fascias for the tentacle muscles. 

In coriacea PL VII, figs. 6-7 the radials have no notch in their muscular 
process, as also stated by Mortensen in 1925. Ohshima states that 
Mortensen found in coriacea only two lateral projections leaving a wide 
concavity between, leaves room for a suspicion that he overlooked the 
presence on top of one of the projections of a minute notch to receive the 
radial canal ’L I have very carefully examined Mortensen’s preparation, 
and must declare that he is right in his statement, and that the muscular 
process prepared free by him is nicely rounded on the top, leaving not the 
faintest trace of a notch. However, in order to be quite certain in this 
question I prepared the other radials free and found that one of the 
others has, not a faint notch, but a faintly flattened part on the tip of the 
muscular process (PL VII, fig. 7). Thus it is seen that the calcareous ring 



Text-fig. 2. Radial and intei'- 
radial piece of the calcareous 
ring in Paracaudina chilensis. 

a. The figure given by Mortensen 
in ** The Echinoderms of New 
Zealand etc.” p. 366 c, show- 
ing only the outlines of the 
pieces. 

b. Quite the same figure with 
addition of the characteristic 
sculpture. 
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in coriacea really differs from that in the other species in having no notch, 
but in some cases a faint trace of the passage of the radial nerve may 
be present. The sculpture in the surface of the ring is very deep and 
distinct. 

As it appears from what is stated above the calcai'eous ring of the 
four species concerned differs in a way which is clearly beyond the degree 
of specific variation and thus affords the strongest character for separating 
the species, and, as it nicely corresponds with the differences in the shape 
of the calcareous deposits, clearly shows that both characters ars to be 
trusted within this genus. 

c) Retractor Muscles. As to retractor muscles of Molpadids, Clark 
in 1908 states (p. 144) that “ the formation of such retractors appears 
to be very uncommon, if not an altogether exceptional event, possibly 
only occurring in certain individuals, perhaps veiy old ones, and the 
presence or absence of such retractors cannot be considered as having 
any value in taxonomy Clark is thus far right in what he states, as 
the presence of retractors is altogether exceptional within the Molpadids. 
They were first found by JoHS. Muller in chilensis, and by him, Ludwig 
and others used as one of the characteristics of the genus Molpadia 
{-Paracaudinay as this genus was understood for many years). In reality 
I have never found retractors in specimens belonging to other genera 
than JoHS. Muller’s Molpadia {=Paracaudina)y but all the four species 
here dealt with have distinct retractors, though developed in a different 
degree. The retractors are in ransonetiiy in small as well as in large 
(old) specimens only faint, being developed from the longitudinal muscles 
which have their outer edges turned up and coalescing so as to form 
like a small funnel (PL VIII, fig. 2). In coriacea (PL VIII, fig, 3) they are 
very distinct though short, (in a 6 cm long specimen not more than 0.5 cm) 
and as in ransonetii united with the longitudinal muscles by a rather 
solid web, which, however, does not contain muscles. The two retractors 
from each pair of longitudinal muscles join before they reach the calcareous 
ring (PL VIII, fig. 3). In australis the retractors of a 6,5 cm long specimen 
are 1.5 cm long. They are united with the longitudinal musde by a very 
thin membrane which contains some few fine, but distinct muscle. The 
two retractors do not join, but are attached each to a limited place on 
the calcareous ring (PI. VIII, fig. 6). In ckd&ms the retractors (PL VIII, 
figs. 4-5) are in a 16 cm. long specimen 1,2 cna. long. They are by a thin 
web, which does not contain muscles, attached to the exterior margin of 
the longitudinal muscles (PL VIII, fig, 5). The tm^o retractors unite as 
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they reach the calcareous ring. 

d) Genital Papilla. It is obvious that marked differences in the genitalia 
have to be regarded as some of the strongest indicators for systematic 
difference, but it must be admitted that only through (Careful studies of 
the state of the genital papilla in living, mature specimens from the different 
seasons of the year, can we form a definite judgment of the classificatory 
value of this organ. Thus one is not allowed to use differences found in 
the genitalia exteriora of a few poorly preserved specimens as characters 
of much value, though they ought to be mentioned. In all the specimens 
of mnsonetii there is a long genital papilla, which now and then is somewhat 
contracted, but always quite distinct. This papilla is also mentioned as a 
character of the species by Mitsukuri in his Studies of Actinopodous 
Holothurioidea. In the specimens of chilensis there is but a short and 
not much contracted papilla, and in coriacea a papilla is lacking. In 
australis the preservation of the specimens does not allow any statement 
concerning the presence or absence of a genital papilla. 

e) Cuvierian Organs. So-called Cuvierian organs are found by JoHS. 
Muller in the type of chilensis^ and they are refound by both Mortensen 
and the present author. What they really are I cannot tell, but they 
are rather distinct. There is nothing to support the suggestion by Ohshima 
(p. 44) that they might be gregarines. Such organs do not appear to 
occur in the other species. However, further investigations on fresh material 
of chilensis is needed before we shall be able to use these organs as a 
systematic character. 


III. 

Discussion of the Systematic Position of the four Forms 
chilensis JoHS. MuLLER, coriacea HuTTON, ransonetii 
Marenzeller, and australis Semper. 

From the above description it definitely appears that we have four 
different forms of Molpadids, previously described under the names chilensis, 
coriacea, ransonetii, and australis and in modern time confused under the 
common name chilensis. Neither Clark nor Ohshima are willing to see 
any differences between these^foiir forms and only Dr. Deichmann (cfr. 
Ohshima 1929, p. 45) suggests that there is a difference, at least between 
the Japanese and the South- American forms, and therefore suggests that 
the Japanese form reasonably may be called chilensis var. ransonetii. 

Naturally it may be a matter of personal taste, whether the four forms 
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should be regarded as distinct species or only as distinct varieties of one 
large species. Distinct they are at any rate and to my mind there can 
be no question but that they should be regarded as distinct species. Besides 
the morphological differences, zoogeographical reasons speak decidedly * 
against regarding them all as varieties only of chilensis. The distribution 
from Japan to Australia-New Zealand could offer no serious objection. 
But the fact that no form, which could be referred to chilensis is known 
to occur along the West coast of North- America and Central America 
would be quite unintelligible, were the Chilenian form really identical with 
the Japanese-Australian-New Zealand forms. No reasonable explanation 
can be given of such a “ zoogeographical paradox 

As to the question where among the other Molpadid species these 
four are to be placed, there can be no doubt that they form their own 
genus within the family Caudinidae. This is no new conception of mine, 
as several authors have distinguished between this genus, naming it Mol- 
padia (as done by JoHS. Muller) and Stimpson’s genus Caudina, and it 
was first Clark who in 1908 united them under the name Caudina. As 
the name Molpadia obviously was wrongly used by JoHS. Muller, Ludwig 
and others for this genus, I in 1931 proposed the name Paracaudina for 
it (first using the name Pseudocaudina which, however, was preoccupied). 

The genus Paracaudina differs distinctly from Caudina in the shape 
of the calcareous deposits, in the presence of retractor muscles and perhaps 
also in the arrangement of the mesenteries. 

The species may be distinguished thus : 

1. Calcareous deposits in medium sized specimens very varying, normally 
without a well developed cross-bridge. Radials of calcareous ring 
with very sharp and deep incision, and the anterior processes of 

the ring with free tips australis. 

In spite of great variation, calcareous deposits with a cross-bridge 
never quite lacking. Incisions of radial pieces not so sharp and 
deep, and anterior processes of calcareous ring not with their tips 
free 2 

2. Muscular process of radials without notch, and without furrow 
between muscular insertion and tip of projection. Deposits very 
regular, usually “ fat ”, with or without thick, rounded projections. 

Genital papilla absent. .coriacea 

Muscular process of radials notched, or with a deep furrow from 
the insertion of the retractors to the tip of the projection. Deposits 
not “fat” and rounded. Genital papilla present. 3 
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3. Retractor muscles well developed, long chilensis 

Retractor muscles funnel-shaped, very short ransonetii 
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EXPLANATION OF LETTERS. 

Anteriormost part of longitudinal muscle. 

Coalesced part of retractor muscle. 

Bifurcate posterior prolongation of radial pieces. 

Fascias of tentacle muscles. 

Inserting part of retractor muscle, 

Interradial piece of calcareous ring. 

Insertion mark of retractor muscle. 

Interradial process of anterior margin of calcareous ring. 
Insertion mark of tentacle muscle. 

Longitudinal muscle. 

Left ventral interambulacrum. 

Mid-dorsal interambulacrum. 

Muscular process. 

Non-muscular process. 

Notch in anterior margin of muscular process. 

Radial piece of calcareous ring. 

Retractor muscle. 
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t,a. Tentacle ampulla 

t. m. Tentacle muscle. 

u. w. Web uniting retractor muscle with longitudinal muscle. 


PL V. 

Deposits of Paracaudina ransonetii (JoHS. Muller), 


Figs. 1-2 from a specimen measuring 

1.5 cm. (1st stage) 

II 3—4 ,1 ,, i> „ 

4.0 

, (2d „ 

) 

,1 5-6 „ „ ,, 

7.5 

I (3d ,1 

) 

,, 7-10 I, „ 

9.5 

I (3d I, 

) 

I, 11-13 „ „ 

22 

, (4th „ 

) 

14-18 „ I, 

27 

. (4th 

) 

The deposits Fig. 12 and Figs. 14-18 

are 

surrounded 

by the yellow stuff mentioned 


by Hozawa. 


PL VI. 

Figs. 1-4 Diposits of Paracaudina chilensis ; t\'pe specimen. 

II 5-7 ,, ,, ,, australis. 

I, 8-9 I, I, „ coriacea, specimen from Tiri Tiri. 

„ 10-13,1 ,, „ I. o » New Brighton. 

„ 14-17 Diagrammatical figures of calcareous rings in 
Fig. 14 Molpadia 
„ 15 Paracaudina 
,, 16 Pendecaplectana 
„ 17 Myriotrochus. 

The punctured part of the radials in figs. 14-15, and 17 as well as in fig. 18 is that 
which may be regarded as an interradial coalesced with a true radial The punctured 
interradial in fig. 16 is that which in a Synaptid may be regarded as corresponding with 

the non-muscular part (the punctured) of a Molpadid (and a Myriotrochid). 

Fig. 18 Diagrammatical figure showing the arrangement of the pieces in the calcareous 
ring of a Molpadid; the shading is the same as in Figs. 14-17, As the tentacles are 
always placed between the anterior tips of pieces (See the arrows in fig.), it is seen from 
the figure that there are four tentacles in the middorsal interambulacrum, two in the left 
ventral and three in each of the others. 


PL VIL 

Radial and interradial pieces of calcareous rings in 
Figs. 1-3 Paracaudina ransonetii 
Fig- 1 from a 1.5 cm. long specimen 

I, 2 II »• 9.5 ,1 II II 

3 „ 27.0 „ 

Figs. 3-5 Paracaudina chilensis 
„ 6-7 ,, coriacea 

,, 8-9 ,» australis 
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PI. VIII. 

Fig. 1 PcLTCLCCLudittCL ransonetii, a radial and an intciTadial piece of the calcareous 
ring showing the arrangement of the tentacles. 

,, 2 Paracaudina ransonetii, anterior part of longitudinal muscle with retractor 

,, 3 Paracaudina coriacea, » »i »» >» »» »» 

,, 4 n chilensis tt »> »> i> >> »» »» 

,, 5 it tt Diagrammatical section of half part showing arrange* 

ment of longitudinal muscle and retractor. 

,, 6 .1 australis anterior part of longitudinal muscle with retractor. 
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ON THE ASYMMETRICAL GROWTH IN THE SHELLS OF 
SANGUINOLARIA OLIVACEA JAY. 


By 


Ekitaro Nomura. 

{Biological Institute, Tohoku Imperial University, Sendai, Japan.) 
(With two figures) 

(Received February 7, 1933) 


The specimens of the marine bivalve, Sanguinolaria olivacea, here 
dealt with were collected from the sand between the tidal lines at Matsu- 
kawa-Ura near Haragama, Fukushima Prefecture, May, 1930. They were 
kindly identified by Mr. Shichihei Nomura. 

The shells of the species under discussion are asymmetrically formed, 
the left valve being taller and deeper than the right. When viewed from 
the anterior side, most o£ the individual shells show a convex line of 
meeting of the valves towards the left side of the animal body (Fig. 1, 
R), owing to this asymmetrical growth. The object of the present study 
was to determine how the asymmetrical growth of the valves was attained. 



Fig, 1. Schematized representation of Sanguinolaria oUvacea, to 
illustrate the points at which the measurements were taken. Much 
magnifiecl L — left-sidc view, R— anterior view. 

AA— -antero-posterior length (A) 

BB— dextro-sinistral width (B) 

CC~dorso-ventral height of the left valve (C) 

DD— depth of the left valve (B) 

EE— dorso-ventral height of the right valve (B) 

FF— depth of the right valve (F) 

The longest antero-posterior length (AA) and the widest dextro-sini- 
stral width (BB, perpendicular to AA) of the shells, the respective dorso- 
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ventral height of the left (CC) and right (KK) valves, and in determining 
the respective depth of the left (DD) and right valve's 170 spcHtimens 
were measured by Mrs. Y. Horiml Tlu^ height of ihe^ k'fi valvc' shows, 
exactly, that of the individual sh(4l, and (h<^ h'ngth of the she'll Is, exactly, 
that of both valves on the left and right of lh(' shc'lL 
The results of the mcasurc'nKmts ai-e giv('n in labk' L 

Taulk 1. 


Length 

(^) 

in mm. 

Number 
of shells 
of same 
length 
measured 

Width 

(B) 

Left 

Hoif^ht 

CC) 

^r^?ments avt 
in mm. 

valve 

rioixh 

(/>) 

‘rag(‘d 

Right 

Iltughi 

(E) 

valve 

Dt‘rih 

C/0 

14.0 

1 

4.3 

10.7 

3.4 

10.7 

i > «> 

16. <) 

1 

4,8 

13.6 

3.8 

13.5 

3.3 

18.0 

3 

5,0 

i;{.3 

3.9 

13.3 

3.5 

18.7 

1 

6.4 

14.5 

3.8 

14. .3 

3.7 

19.5 

1 

6.3 

15.4 

3.3 

15.3 

3.0 

30. a 

O 

6,9 

15.3 

3.;} 

15.0 

3.8 

20.6 

2 

5.9 

15.3 

3.3 

15.1 

3.9 

31.0 

4 

6.2 

15.9 

3.5 

15.9 

3.1 

31.3 

1 

6.4 

15.5 

3.7 

15.3 

3.3 

31.;} 

1 

0.2 

15.0 

3.5 

15.5 

3.8 

21.4 

2 

0.4 

15.7 

3.9 

15.6 

.3.1 

31.6 

2 

6.5 

10. (i 

3.7 

10.5 

3,0 

31.7 

1 

6.3 

16.0 

3.6 

15.7 

3,0 

21.8 

1 

6.7 

16.4 

4.0 

16.3 

3.0 

21.9 

3 

0.5 

10.6 

3,i> 

16.4 

3.1 

33.0 

O 

jJ 

6.6 

16.5 

3.6 

i«.;i 

3.3 

23.2 

l 

7.0 

16,7 

4.0 

16,5 

3,3 

33. ;] 

1 

7.0 

10.6 

4.0 

16,3 

3.3 

23.4 

3 

6.9 

1(5.8 

4.0 

16.6 

3.3 

22.5 

3 

7.0 

17.0 

4,0 

i 16,9 

3.4 

22.6 

' 3 

6.7 

17.1 

4.0 

16.9 

3,'l 

33.7 

3 

0.9 

17.5 

3.8 

17,4 

3,4 

33.8 

1 

7,1 

16.7 

4.1 

16.5 

3,1 

33.0 

5 

0.9 

17.3 

4.0 

17,0 

3.3 

33.2 

3 

6.7 

17,5 

4,0 

'17.4 

3,0 

33.3 

4 

6.9 

17.4 

4.0 

17.3 

3.3 

33.4 

3 

6.9 

17.3 

3,9 

17.1 

3,3 

33.5 

3 

7,2 

17,8 

4,2 

17.5 

iK4 

33.6 

5 

7,0 

17.8 

4.0 

17.6 

3,3 

33.7 

3 

7.4 

17.8 

4.5 

17,6 

3,6 

33.9 

4 

7.3 

17.7 

4.3 

17,4 

3.6 

34.0 

6 

7.1 

17.0 

4,2 

17.4 

3.3 

34.3 

1 

7.0 

18,3 

4,0 

18.0 

3.3 

34.3 

5 

7.3 

18.1 

4,3 

17,9 

3,3 

34.4 

1 

7^4 

19.0 

4.4 

IB. 9 

3,4 

34,5 

4 

7.3 

18.6 

4.3 

18.3 

3,4 

34.6 

3 

7.2 

18.3' 

4.3 

17.9 

3.3 

34.7 

6 

7.3 

18.3 

4.3 

18.1 

3,4 

34.8 

8 

7.4 

18.6 

4.4 

18.4 

3,4 

34,9 

5 

7.3 

18.9 

4.4 

18.6 

3.6 

'35,0 

12 

7.6 

18.7 

4.5 

18.4 

S.4 

25.1 

1 

7.3 

18.8 

4,1 

18.6 

3.6 
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Length 

(^) 

in mm. 

Number 
of shells 
of same 
length 
measured 

Measurements averaged 
in mm. 

Width 

(B) 

Left valve 

Right valve 

Height 

(C) 

Depth 

(D) 

Height 

CE) 

Depth 

(F) 

25.2 

3 

7.5 

18.9 

4.5 

18.6 

3.4 

25.3 

6 

7.6 

18.6 

4.5 

18.3 

3.6 

25.4 

6 

7.7 

19.0 

4.6 

18.7 

3.6 

26.5 

9 

7.6 

19.0 

4.4 

18.7 

3.5 

25.6 

4 

7.7 

19.6 

4.5 

19.2 

3.6 

25.7 

4 

7.6 

19.6 

4.3 

19.5 

3.6 

25.8 

1 

8.0 

19.5 

4.8 

19.4 

3.9 

25.9 

4 

7.8 

19.3 

4.6 

19.0 

3.6 

26.0 

12 

7.9 

19.4 

4.7 

19.1 

3.7 

26.1 

2 

7.7 

19.3 

4.6 

19.1 

3.5 

26.2 

4 

7.8 

19.6 

4.6 

19.3 

3.5 

26.3 

7 

7.9 

20.1 

4.8 

19.7 

3.6 

26.4 

5 

7.8 

19.8 

4.6 

19.6 

3.7 

26.5 

8 

8.0 

19.8 

4.8 

19.5 

3.6 

26.7 

5 

8.0 

19.6 

5.0 

19.3 

3.5 

26.8 

9 

8.0 

19.8 

4.8 

19.5 

3.7 

26.9 

9 

8.0 

20.1 

4.6 

19.8 

3.8 

27.0 

10 

8.1 

20.2 

4.8 

19.9 

3.7 

27.1 

2 

8.2 

20.6 

5.1 

20.1 

3.7 

27.2 

7 

8.0 

20.5 

4.7 

20.3 

3.8 

27.3 

5 

7.9 

20.2 

4.9 

20.0 

3.6 

27.4 

8 

8.2 

20.2 

4.7 

19.9 

3.9 

27.5 

7 

8.6 

20.6 

5.1 

20.3 

4,0 

27.6 

5 

8.0 

20.4 

4.8 

20.1 

3.7 

27.7 

4 

8.5 

20.8 

5.0 

20.6 

3.9 

27.8 

10 

8.3 

21.0 

4,9 

20.7 

3.9 

27.9 

1 1 

8.4 

21.1 

6.2 

20.7 

3.8 

28.0 

12 

8.6 

21.1 

5.1 

20.8 

3.9 

28.1 

1 

8.3 

21.1 

5.0 

20.7 

3.8 

28.2 

7 

8.8 

21.2 

5.2 

21.0 

4.1 

28.3 

9 . 

8.6 

21.4 

6.1 

21.1 

3.9 

28.4 

6 

8.9 

21.4 

5.2 

21.1 

4.1 

28.5 

6 

8.7 

21.3 

6.0 

20.9 

4.1 

28.6 

4 

8.4 

20.9 

5.1 

20.7 

3.7 

28.7 

5 

8.0 

21.3 

5.1 

21.0 

3.9 

28,8 

6 

8.9 

21.6 

5.2 ’ 

21.2 ' 

4.1 

28.9 

6 . 

8.7 

21.6 

5.3 

21.1 

4.0 

29.0 

11 

8.7 

21.8 

6.2 

21.6 

4.0 

29.1 

4 

9,0 

22.0 

5.6 

21,7 

4,2 

29.2 

2 

9.0 ■ 

21.9 

5.3 

21.7 

4.3 

29.3 

7 

9.2 

21.8 

5.6 

21.6 

4.2 

29,4 

0 

3.8 

21.7 

5.1 

21.4 

4.0 

29.6 

4 

9.0 

21.3 

5.4 

21.0 

4.0 

29.6 

10 

9.1 

22,3 

5.5 

21.9 

4.1 

29.7 

1 

9.1 

22.4 

5,6 

22.2 

4.3 

29.8 

4 

9.4 

22.2 • 

6.7 

21.9 

4.3 

29.9 

2 

9.6 

22.6 - 

5.6 

22.3 

4.6 

30.0 

11 

9.0 

22.1 

5.4 

21.8 

4.0 

30.2 

1 

9.6 

22.4 

5.8 

22.0 

4.1 

30.3 

4 

9.3 

22.7 

5.7 

22.2 

4.2 

30.4 

6 

9.0 

22.8 

5.3 

22.5 

4.2 

30.5 

3 

9.2 

23.0 

6.5 

22.3 

4.2 

30.6 

3 

9.0 

22.6 

5.6 

22.1 

4.0 

30.7 

2 

9.4 

23.0 

5.7 

22.7 

4.3 

30.8 

3 

9.4 

23.1 

5.7 

22.8 

4.2 

30.9 

4 

9.6 

23.2 

5.6 

22.8 

4:6 
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Length 

(^) 

in mm. 

Number 
of shells 
of same 
length 
measured 

Measurements averaged 
in mm. 

Width 

(B) 

Left 

H<‘ight 

(O 

valve 

I)ei)th 

(/-?) 

Right 

ihughi 

valve 

I)epth 

,11.0 

6 

9,7 

23.5 

5.9 

2:5.0 


31.1 

1 

9.2 

22.8 

5.6 

22.7 

4.4 

31,2 

2 

9.6 

23.3 

5.8 

23.0 

4.4 

31.4 

3 

9.6 

22.8 

5.6 

22.6 

4.5 

31.5 

1 

11.0 

24.4 

6.8 

23.9 

4.6 

31.7 

3 

10.2 

2:5.6 

5.8 

23.1 

4.8 

31.8 

1 

9.8 

24.3 

6.0 

23.9 

4.4 

31.9 

1 

10.0 

24.4 

5.9 

24.3 

4.4 

32.0 

4 

9.7 

23.9 

5.9 

23.6 

4.4 

32.1 

1 

10.0 

23.1 

5.8 

23.0 

4.8 

32.2 

2 

9.7 

24.1 

5.9 

2:5.7 

4.4 

32.3 

3 

10.0 

23.8 

5.6 

2 : 5.5 

4.6 

32.4 

1 

9.8 

24.8 

6.0 

24.5 

4.2 

32.5 

1 

10.0 

23.7 

6.1 

23.2 

4.5 

32.6 

1 

9.8 

24.4 

6.0 

24.0 

4.0 

32.7 

2 

10.3 

24.4 

6.2 

24.1 

4.8 

32.9 

1 

10.0 

24.0 

0.0 

23.8 

4.6 

33.0 

1 

10.3 

25.0 

6.0 

24.5 

4.9 

33.1 

1 

10.5 

25.1 

6.3 

24.8 

4.6 

33.3 

1 

10,3 

23.9 

6. .3 

23.5 

4 A) 

33.6 

*) 

jj 

10.4 

25.4 

0.2 

24.7 

4,7 

33.8 

1 

10.0 

24.6 

5.9 

24.1 

4.4 

34.2 

1 

10.0 

25.6 

6.0 

25.1 

4.4 

34.4 

1 

10.9 

25.4 

6.7 

25.2 

4.7 

35.0 

1 

11.2 

25.5 

6.8 

25.2 

5.0 

36.7 

1 

11.7 

27.0 

7.0 

26.5 

5.0 


RESULTS OF THE CALCULATIONS. 

The length, because of its being the longe.st measurement, was taken 
as the abscissa in making the calculations which were worked out by 
Assistant J. OizuMi, Mrs. Horimi, Mis-s K. Ikeucui, and by myself. The 
following equations were obtained'^: 

1) B= 0.218 A'-’" 

2) C= 0.748 A’-"" 

3) B=:0.109 A'-’" 

4) £==0.788 A'’-"" 

5) £=0.149 A"-'* 

The equations are expressed in Fig. 2. 


ONomura, E. 1926. An application of in expressing the growth relation in the 

freshwater bivalve, Sphaenum heteroion Pas. Sei. Rep. Tohoku Imp. Univ., 4th set., 
VoL 2, Pp. 57-62. 
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From these, the following equations are derived : 


From 1), 

6) 

A =3.999 

From 2), 

7) 

A =1.337 C' "" 

From 3), 

8) 

4 = 6.877 

From 4), 

9) A= 1.275 E'”- 

From 5), 

10) 

4=6.972 


From 

6) 

and 7), 

11) 

B=0.301 

12) 

C= 2.991 B“-®‘ 

From 

6) 

and 8), 

13) 

B= 1.814 B' "'’ 

14) B= 0.536 

From 

6) 

and 9), 

15) 

B=0.283 

16) 

£1=3.067 B’-=“ 

From 

6) 

and 10), 

17) 

B=1.842 F 

18), 

F= 0.583 B®'®® 

From 

7) 

and 8), 

19) 

C= 5.144 

20) B=0.158 

From 

7) 

and 9), 

21) 

C=0.954 B'-® 

22) 

£l=i.048 

From 

7) 

and 10), 

23) 

C=5.215 

24) 

F=0.198 

From 

8) 

and 9), 

25) 

B=0.144 

26) 

£1=5.218 £>“•*■’ 

From 

8) 

and 10), 

27) 

B=1.016 F'" 

28) 

F=0.987 £>“•“ 

From 

9) 

and 10),. 

29) 

£1=5.289 B-"" 

30) 

F=0.189 £!’•« 
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DEDUCTIONS FROM THE EQUATIONS. 

The length of the shell grows at a more rai)i(l rate in comparison with 
that of the height (9) and of the depth (10) of the right valve, but at a 
slower rate in comparison with the width (6) of lh(^ sh(dl and ol tlu^ dt'pth 
(8) of the left valve, while it grows at the sann* rai(‘ as ih(' height (7) of 
the shell. 

The width of the shell grows at a morc^ rai)i(l raU^ in <x)mparison with 
that of the length (1) and height (U) of the shell, and of tin' height (15) 
and depth (17) of the right valves but at a slower rate as compared with 
the depth (13) of the left valve. 

The height of the shell grows at a more rapid rate in comparison with 
the height (21) and depth (23) of the right valv(;, but at a slower rate 
compared with the width (12) of the shell and with the deptli (19) of the 
left valve, while it grows at the same rale as the lengtli (2) of the shell. 

The depth of the left valve grows at a more* rapid ra4(^ in (‘omparison 
with the length (3), width (14) and height (20) of the shell, and the 
height (25) and depth (27) of the right valv(i. 

The height of the right valv(i grows at a slowei* rate in (*omparison 
with the length (4), width (16) and height (22) of the shell, and the depth 
(26) of the left valve, while it grows at the same ratc^ as tin* deiJth (29) 
of the right valve. 

The depth of the right valve grows at a slowcn* ratc^ in comparison 
with that of the length (5), width (18) and height (24) of th(^ shcdl, and 
the depth (28) of the left valve, while it grows at the same rate as the 
height (30) of the right valve. 


REMARKS. 

The left and right valve are equal in length, and this Icmgth is exartly 
that of the shell From this relation, we may infer acemraiely that the 
height and depth of the right valve grow at a slower rate in (comparison 
with that of the height and depth of the left valv< 5 , and we obtain the 
ratios : 

”§=0.949 from 2) and 4), and 

|■=0.732 A"-" from 3) and 5). 

However Equations 2) and 4) intersect each other at the point where 
.4=13.5 mm. and C=E= 10.1 mm., and Equations 3) and 5) at the point 
where 4.= 6.3 mm. and D=F=0.9mm. These relations suggest that, in 
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a shell shortei’ than 13.5 mm. in length, the left valve is lower than the 
right in height, and that, in a shell shorter than 6.3 mm., the left valve 
is shallower than the right in depth. If these expressions were true, the 
asymmetrical growth of the valve ought to be reversed according to data 
found in the case of both younger and older specimens. Actually, however, 
in the younger specimens again collected by Mr. Oizumi from the same 
locality at Matsukawa-Ura, on January 13, 1933, the left and right valves 
are symmetrically grown. Thus, for specimens shorter than 13.5 mm. in 
length, I wish to express the proportions by the equation 

C=^£=0.748 

and, for specimens shoi'ter than 6.3 mm. by the equation 

D=.F=0.143 

In relation to the method of measuring the depths of the valves, it 
is evident that the sum of these depths is not equal to the width of the 
shell. But in specimens shorter than 6.3 mm. the sum shows directly the 
width of the shell. Therefore the equation 

Di-F=B = ()2m 

may be applied to the younger specimens. 

CONCLUSIONS. 

1. In specimens of Sanguinolaria olivacea Jay shorter than 6.3 mm. 
in the length (antero-posterior) of the shell, the left and right valves are 
symmetrically formed. 

2. In specimens longer than 6.3 mm., the asymmetrical growth of the 
valves begins : that is, the depth of the left valve becomes deeper than 
that of the right, even though the height of each valve may still grow 
equally at the same rate as that of the length until the length reaches 
13.5 mm. 

3. In specimens longer than 13.5 mm,, the left valve alone continues 
to grow in height at the same rate as that of the length, and the height 
of the right valve becomes lower than that of the left. 
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IV. ON THE FUNCTION OF MICRO-ORGANISMS IN THE 
DIGESTION OF INSECT BODIES BY INSEC- 
TIVOROUS PLANTS.’' 

By 

Kunio Okahara. 

Biological Institute, Tdhoku Imperial University, Sendai, Japan. 

(Received Feb. 9, 1933) 

I. INTRODUCTION, 

In regard to the mechanisms of the disintegration and digestion of 
insect bodies by insectivorous plants, we find in the scientific reports two 
main divergent views. According to one, the decomposition takes place 
owing to the action of enzymes secreted by the plants themselves, while 
the other tends to lay stress upon the role ol: micro-organisms. 

As early as in 1875, Morren reported that the disintegration of insect 
bodies and proteins deposited on the leaves of Pingaicula and Drosera 
might be caused by the action of the bacteria and fungi which were found 
by the microscopic observation made several days afterwards. A similar 
record was made by Batalin in 1876 for Drosera, Thereafter Morren 
abandoned his previous idea, because in the case of Drosera binata even 
though the protein had dissolved no micro-organisms were perceptible. 

The role of micro-organism in the disintegration of insect bodies has 
also been emphasized by Tischutkin and Dubois. Tischutkin (1889, 
'92) after twenty-four hours, observed a large number of bacteria in the 
fluid which was secreted by the stimulation of deposited sterilized protein 
in the leaves of Pinguicula vulgaris, Drosera rotundifolia, Dr, longifoUa 
and Dionaea muscipla, and found that these micro-organisms were capable 
of attacking peptones. Further, he noted that, in the fluid secreted in 
the unopened pitchers of Nepenthes Mastersi, neither bacteria nor proteolytic 
action were perceptible while in the one of the mature pitchers the contrary 
was the case. For this reason, he" concluded that the secreted fluid of 
insectivorous plants may merely be a nutrient medium for micro-organisms, 
and that the decomposition of proteins to reptones may be due to the action 
of bacteria. Following Tischutkin, Dubois (1890) made researches on 

Contributions from the Mt, Hakk6da Botanical Laboratory. No. 18. 
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the physiology of some species of Nepenthes, esptxually on the process of 
tire protein decomposition. Using a similar nnjthod to that of TiseiniTKiN 
he found no pepsin in the se(n'ct<Kl (liiid of the Nepenthes-intehers,, so that 
the distintegration of insect bodies should hc^ attributed to the organisms 
invading them from outside, and not to the .substance' secr('te(l by the; plants. 

An eclectic theory coml.)ining l)oth views has be(‘n suggest('d by 
Labhk and Stutzeu. liABUK (IDO'l), indeed, i.solatecl .sonu' organisms, ('. g. 
Aspergillus glaucus, Penicillium glaucum, Mucor mticedo, Cladasporium 
herbarum, Micrococcus cinnaharhis, Bac. aureus, Bad. ternio and Bad. lineoln, 
from the leaves of Drosera rotundifolia. He as.sura<Kl that the fungi, 
which were the most dominant among the organisms isolated, may oxidise 
glucose in the secreted fluid to form an acid, whiUi the latter may .succc^ed 
in activating the ti'ypsin-like enzymes of Drosera. Morti r('c('ntly, Stutzeu 
(1926) noted that the process of nutrition through th(! disintegration of 
insect bodies may as much depend upon the propagation of bachiria whicli 
belong to the Bac. coli group as upon the proh'olytic; enzymes of th(! 
plants themselves, and the residual bacteria may be; subjc'ct to the action 
of the coZfgroup. 

Recently, however, it has been clearly settled that the in.s(!ctivorous 
plants secrete a proteolytic enzymp, so that the collaboration of micro- 
organisms may seem to be superfluous. Accordingly, in this work the 
present writer has taken up this question anew to throw some light on 
the whole process of the digestion of insect bodies by insectivorous plants. 

In his treatment of the subject, the present writer has directi'd his 
researches towards the physiological characteristics of some .species of 
micro-organisms, isolated from the leaves of Drosera rotundiftdia, and from 
the inside of the pitchers of Nepenthes mirabilis, and to fln'ir relation to tlui 
decomposition of nitrogenous compounds. Indeed, it may also bo mentioiu'd 
here that in these plants the tests for organisms whiedt were able to attack 
the nitrogenous compounds, were always positive. Thcr(^fort,s it soem.s 
very probable that these organisms may take part in the complete dc!(z)ra- 
position of insect bodies in the insectivorous plants, for the prottx)lytlc 
enzymes found in the leaves of these plants, so far as the.se studies reach, 
can only decompose the proteins up to the peptones. 

II. EXPERIMENTS. 

A. Isolation of Micro-organisms in Drosera rotundifolia. 

Five leaves of Drosera which had been cultivated in a green-house and* 



PHYSIOLOGICAL STUDIES ON DROSERA, IV. 


153 


had neither caught any insects nor held any other foreign matter, were 
gathered, washed in sterilized water, and the liquid was then diluted with 
a given quantity of water, and made to inoculate in an ordinary gelatine 
plate. The total number of colonies of organisms, after four days inocula- 
tion was calculated to be 500 to 1,400 individuals on a leaf. Repeated 
experiments showed that in most cases the number of fungi exceeded that 
of the bacteria, though in a few cases this result was reversed. The 
organisms found in every case are given below. Both their morphological 
and physiological characteristics were studied according to the technique 
of the Society of American Bacteriologists, some important points regarding 
which may be stated as follows : 

1. Bac, albolactis. * 

Motile with flagella. Spores central. Gram positive. Gelatine stab: rapid crateriform 
to infundibuliform liquefaction. Agar slant: white, wrinkled. Litmus milk: acid, slow 
coagulation. Starch-agar: intensely hydrolyzed in 3 days. Indol and hydi’ogen-sulphide : 
negative. Ammonia reaction, (Dunham’s solution used;, positive. Hydrolyzes glucose, 
lactose, sucrose, maltose, and fructose, giving acid and gas. 

2. Bac. glaveolens. 

Non-molile. Gram positive. Gelatine stab: slow crateriform liquefaction. Agar slant: 
white, viscid, wrinkled. Litmus milk: weak acid, slow coagulation and peptonization. 
Reduces nitrates. Indol and hyclrogen-sulj)hide reactions: negative. Ammonia reaction 
positive. Hydrolyzes glucose, sucrose, and maltose giving acid, but no gas production. 
Produced neither acid nor gas from lactose. 

These bacteria have already been found in the soil. In addition to 
the above mentioned bacteria, Mucor mucedo, M mcemosus, Phizopus 
nigricans, Penicillium glaucum, Aspergillus glaucus, Actinomyces and yeast 
were also isolated. The classification of fungi is commonly based on the 
morphological characteristics at present, so that descriptions of them are 
not given here, though various observations must have been carried out 
for their identification, 

B. Isolation of Micro-organisms in Nepenthes mirabilis. 

For purpose of comparison with those from Drosera the isolation of 
organisms from the pitchers of Nepenthes was also carried out. For two 
to four days before opening the outsides of the pitchers were sterilized 
with mercuric chloride solution, one c.c. of the pitcher-fluid was drawn off 
with the sterilized injector (a glass needle was substituted for the metallic), 
and, without dilution, was made to inoculate in a gelatine plate. No 
colony of organisms was found after four days incubation* Repeated 
experiments always gave the same results. Therefore, it is reasonable to 
expect no organisms in the unopened pitchers. This fact is in accordance 
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with the reports of TrscuOTKiN anrl Dunois. But e^g-alhuniin and ('dc.stin 
were hydrolyzed by the secreted fluid of (ho unopeiu'd pitchers, with th(! 
addition of hydrocliloric or acetic acids. So that the prott'olylic enzynn^ 
in the fluid of th<^ unopened pitchers may h(> expected to ('xist in such a 
form as the pepsinogen from which tlu* pepsin is foriiK'd,*’ Afl(T th(> 
opening of tlui pitchers, insects or foreign malt<n-s has invach'd ([i<‘m, and 
the number of micro-organisms rapidly increa.sed with (he lai)s<' of time. 
After they had been open for seven days the total numbers of micro- 
organisms in one c.c. of the liquid contained l)y thwn was <^al(ailat('d to 
be from 3,800,000 to 37,600,000. 

3, Bad. gnstricum. 

Gram positive. Gelatine stab: rapid stratiform litiiu^faction. Apar slant: ytdlowlsh" 
white, filamentous, moist Litmus milk: strong add, rapid coagulation and iicpioiuV.ation. 
Reduces nitrates. Indol and hydrog<m sulphide reactions n<‘gativ(^ Ammonia lamction 
positive. Hydrolyzes glucose, sucrose, lactose, fructose, giving add and gas. 

4, Bad. coli-anindolicum. 

Gram negative: Gelatine stab: dark wlui(‘, very slow craterifonn li(iu(‘fa<‘iion. Agar 
slant: white, viscid, filamentous. Litmus milk: add, coagulated aft(‘r fi-? days. Heduc<*s 
nitrates. Indol and hydrogen-sulphide reactions nt^gativc'. Ammonia nuiclion positive*. 
Produces gas and add on glucose, sucrose, lactose, maltose and fru(*t,os(*. 

5, Bad. diffus'um. 

Gram negative. Gelatine stab: dark yellow, slow erateriforin litiue fact ion. Agar slant: 
yellowish white, glistening. Litmus milk: weak add, no coagulation. Rf^ducths nitrates. 
Indol and hydrogen sulphide reactions negative. Ammonia reaction positive. Hydrolyzes 
starch, but produces neither gas nor acid from glucose, sucrose, lactose*, maltose and fructos<^ 

Among the bacteria isolated from Nepenthes, No. 3 and No. 4 have 
formerly been found in the intc.stinal canals of animals, and No. 5 in the 
soil and in water. In addition to the Ijactcria above-mentioned, fungi such 
as Mucor miccedo, M. racemosus, Rhizopus nigricans, Aspergillus glaucus 
and Penicillium glaucum, were also isolated from the [)itchers of this i)Iant 
as in the case of Drosera. 

C. The Action of Micro-organisms on Proteins, 

Peptides, and Amino Acids. 

When proteins are decomposed by the action of micro-organisms, the 
first products are thought to be amino acids, which may he further 
deaminized to cause the formation of ammonia. In determining the rate 
of decomposition of proteins and amino acids, the amino- and ammonia 
nitrogen values are first calculated for use as the index. The researches 
in this direction gave the result that the organisms which decompose 

The details in reference to this point will be given in the next reports on the physio- 

logy of Nepenthes. 
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nitrogenous compounds may be found in the DroseraAeaves as well as in 
the Nepenthes-pitchers. 


a. The Culture Media and Methods. 

The standard medium used in these experiments was of the following 
composition : 


Water 

1,000 C.C. 

NaCl 

5g. 

NaaSO, 

2g. 

KHaPO., 

Ig- 

CaCL 

Ig. 


This medium with the addition of some proteins was used by Bain- 
BRIDGE (1911), and by Berman and Rettger (1916) to culture bacteria. 
In my experiments, as the sole source of nitrogen and carbon casein, 
glycyl glycine, glycocoll, or alanine was added to the above medium in the 
final concentration of one per cent, while in Witte’s peptone a concentra- 
tion of two per cent was used. The pH of the secreted fluid of Drosera 
or Nepenthes is found to be about 3 to 6.*^ In this relation the acidity 
of the culture medium was kept at pH 5 to 6, while in the cases of 
peptone and of glycocoll pH 3,3 was also used as the medium. 

Though in the case of Berman and Rettger (1916), the bacteria were 
reported to grow only in the medium with an admixture of beef-extract, 
in my case, both bacteria and fungi grew without this addition. Contrary 
to the usual method in the culture of fungi, sugar was not added to the 
medium for the following reasons : 1) According to Kendall (1915), 
Berman (1918) and others, the presence of the available sugar in the 
medium inhibits the decomposition of protein with the postponement of 
the formation of the proteolytic enzyme until the sugar is consumed. 2) 
The presence of sugar may cause some difficulty in the investigation of 
the decomposition products of amino acids. 

Each 25 c.c. of the medium was poured into a mes-ERLENMEYER flask 
which had been plugged with cotton, and sterilized in autoclave, and it 
was then inoculated with various organisms after they had been cultivated 
on slant agar for 24 hours. The media not inoculated were used as 
controls. These flasks were left in the thermostat at 27-30°. In order 
to avoid the escape of volatile by-products — such as ammonia — ^without 
being previously sterilized by heating, it was added, 15 days after, with 
sterilized water to cover its loss by evaporation during the incubation, and 

The details will be given in another report. 
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shaken and filtered. The content of amino nitrogen in the filtrates was 
determined by the Van Slyke's micro-method (Abderhalden, Handb. 
der Biol. Arbeitsmeth., Abt. 1, Teil 7, S. 57). The ammonia nitrogen 
was determined by the distillation in vacuo, led to the flasks with given 
quantities of N/70 H 2 SO. 1 , and titrated with N/70 NaOH (ibid, S. 57) ; 
moreover, for the amino acids used, Pernas and Wagner’s distillation 
apparatus (Pregl : Die quantitative organische Mikroanalyse, 1930) was 
applied. In both cases, each 2 c.c. of samples was used. Th(j hydrogen- 
ion concentration was determined with the potentiometer by using the 
hydrogen electrode. The presence of ammonia in the sample causes an 
error in the determination of amino nitrogen by Van Slyke’s method. 
According to Parson and Sturges (1926), the amino nitrogen values 
obtained without the removal of ammonia are too high by 18 to 50 per 
cent of the total ammonia nitrogen present, the amount per cent depending 
upon the temperature and the quantity of the sample used. I, therefore^, 
tried to remove the ammonia contained by heating the sample on the 
water-bath at 40® for 90 minutes, while passing air free from ammonia 
through the liquid. Though the formation of ammonia is taken as the 
index of the decomposition of proteins, and of their degradation i)r()du(ds 
such as peptides and amino acids, some organisms may be able to attack 
the ammonia formed ; and on the other hand, keeping the culture for some 
time in an aerobic condition at a certain temperature in a fluvsk plugged 
with cotton may cause the loss of the ammonia formed. Further in the 
determination of amino nitrogen, the consumption of some parts of the 
amino acid as well as of the ammonia by organisms should be taken into 
consideration. In other words, the measurable valuewS are only those of 
substances which accumulate in the medium, which is not utilized by th(‘ 
micro-organisms. Thus, some fluctuation in the results are imavoidal)lc. 
The amino- and ammonia nitrogen values shown in the following tables 
are those calculated for 100 c.c. of culture medium. 

b. Experiments in the Medium pH 5-'6. 

L Casein. 

3 g, of Hammarsten’s casein were dissolved in 10 c.c. of N/10 NaOH, 
the quantity being increased by the addition of the standard culture medium 
to 300 c.c. This medium was found to be of the required acidity. The 
results are given in Table I. 

Table I shows that the majority of organisms, especially Bac. albolactis, 
Penicillium, and Rhizopus, attack the casein markedly ; that is, a gain in 
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Table I. 

The decomposition oi Ifo casein. 


No. 

Micro-organisms 

Amino-N 

in 

100 c.c. 

Ammonia-N 

in 

100 c.c. 

Gain in the 
sum of 
amino- and 
ammonia-N. 

pH 



mg. 

mg. 

mg. 


1 

Control 

6.7 

1.8 

— 

5.80 

O 

Bac. albolactis 

49.4 

68.5 

109.4 

8.35 

a 

Bac. graveolens 

41.0 

30.6 

63.1 

7.48 

4 

Bact. gastricum 

25.6 

48.4 

65.5 

8.40 

5 

Bact. coli-anindolicum 

6.8 

2.0 

0.3 

5.81 

C> 

Bact. diffusum 

6.7 

1.8 

— 

5.80 

7 

Asper. glaucus 

17.0 

46.1 * 

56.3 

8.25 

S 

Penic. glaucum 

18.6 

66.8 

76.9 

8.80 

9 

Mucor mucedo 

26.7 

5.5 

23.7 

6.18 

10 

M. racemosus 

65.8 

12.9 

70.2 

G.94 

11 

Rhizopus nigricans 

a4.i 

49.3 

75.9 

8.43 


the sum of amino and ammonia nitrogen and marked changes in the 
hydrogen-ion concentration to the basic side are noticed, while in the case 
of Bact. coli-anindolicum and Bact. diffusum no change is found in the 
medium, the protein not being broken up. The degree of change in 
hydrogen-ion concentration on the whole, goes parallel with the amount 
of ammonia formed. While the final acidity of Bac, albolactis might be 
expected to be more basic than that of Penicillium, the contrary was 
found to be the case. Therefore, it is impossible to measure the degree of 
the decomposition of the proteins only by the determination of the hydrogen- 
ion concentration of the medium. In the cases of Bac. albolactis, Bact. 
gastricum, Penic. glaucum etc. the amount of measurable amino nitrogen 
is smaller than that of ammonia nitrogen, while the contrary is the case 
with Mucor 'mucedo, M. mcemosus etc. This fact shows the difference jn 
the relative non-liability to decomposition of amino acid, formed in the 
hydrolysis of casein, up to ammonia. The greater amount of amino nitrogen 
found is the result of the accumulation of the greater part of the amino 
acids formed in the medium. In general, the amount of ammonia nitrogen 
increases with the progress of the decomposition of protein. Though in 
the case of Mucor racemosus, judging from the amount of ammonia formed, 
the decomposition of protein is inferior to that in the case of Asper. 
glaucus, the sum of the amino and ammonia nitrogen values is greater 
in the former than in the latter. It is therefore evident that the mere 
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determination of the amount of either amino or ammonia nitrogen for the 
calculation of the grade of protein decomposition is irrelevant. I’his fact 
will be more clearly shown by the following experiment with peptone. 

2 . Witte’s peptone. 

In this experiment Witte’s peptone was used in a concentration of 
two per cent. The results ai-e shown in Table 11. 


Table II. 

The decomposition of 2^ Witte’s peptone. 


No. 

Micro-organisms 

Amino-N 

in 

100 c.c. 

Ammonia-N 

in 

100 c.c. 

Gain in the 
sum of 
amino- and 
ammonia-N. 

pi I 

1 

Control 

mg. 

2:}.l 

mg. 

13.0 

mg. 

5.63 

2 

Bac, albolactis 

95.7 

85. H 

145.4 

7.(57 

3 

Bac, graveolcns 

01.7 

4(5.2 

71,8 

7.22 

4 

Bact. gastricum 

84.0 j 

III.O 

169.8 

8.(59 

6 

Bact. coli-anindolicum 

87.0 

oc 

49.4 

7.(54 

6 

Bact. diffusum 

81.5 

25.2 

20 (5 

(5.70 

7 

Asper, glaucus 

60.0 

(52.1 

70.0 

9. 18 

8 

Penic. glaucam 

OS.O 

91.8 

123.7 

8.47 

9 

Mucor. mucedo 

06.0 

47.0 

77.5 

7.43 

10 

M. racemosus 

98.0 

29.8 

91.7 

(5.89 

11 

Rhizopus nigricans 

00.1 

68,9 

88.9 

8.12 


By Bac. albolactis, Bact. gastricum, Penicillium, Asper^llm and Rhizopus 
the peptone is attacked in a similar degree to that in th(' case of casein. 

3. Glycylglycine. 

The glycylglycine used was in the commercial form manufactured by 
Kahlbaum, its constitutional formula being II^N (Tla.(X).HN (Tla.COOH. 
In the case of glycylglycine only its primary amino nitrogtui, not united 
with the carboxyl group, gives a reaction by Van Si.ykk’s method, so that 
the theoretical amount of measurable amino nitrogen in one; gram should 
be 106.04 mg. The results obtained are shown in Table III. 

Table III shows that it is not possible for Bac. graveolms, Bac. alba- 
lacPis, Bact. gastricum and Mucor mucedo to grow at all in the medium, 
and that no decomposition of glycylglycine takes place. As shown by the 
former experiments (Table I and II) Bac. albolactis and Bcoct. gastricum 
strongly attack casein and peptone, while Bact. coli-anindolicum, and Bact. 
diffusum which are able to decompose glycylglycine do not attack those 
substances or only very slightly. 
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Table III. 

The decomposition oi 1% glycylglycine. 


No. 

Micro-organisms 

Amlno-N 

in 

100 c.c.'^ 

Ammonia-N 

in 

100 c.c. 

Gain in the 
sum of 
amino- and 
amrnonia-N. 

pH 

1 

Control 

mg. 

105.2 

mg. 

0.2 

mg. 

5.43 

2 

Bac. albolactis 

10.5.0 

0..3 


5.45 

8 

Bac. glaveolens 

104.9 

0.3 


6.42 

4 

Bact. gastricum 

105.1 

0.4 

~~ 

5.44 

5 

Bact. coli-anindolicum 

9G.1 

24.0 

14.0 

7.30 

() 

Bact. diffusum 

97.9 

21.1 

14.5 

7.41 

7 

As per. glaucus 

cc 

o 

51.4 

48.7 

8.25 

8 

Penic. glaucum 

59.5 

84.3 

38.3 

8.08 

9 

Mucor mucedo 

104.9 

0.4 


5.45 

10 

M. mcemosus 

109.1 

8.3 

11.9 

0.90 

11 

Rhizopus nigricans | 

107.. 

13.0 

14.8 

7.02 


According to Van Slykk’s fJoui’n. Biol. Chem., Vol. 9, P. 185-204, 1911) the 
glycylglycine and glycocoll react abnormally with nitrous acid, all the analyses being 
somewhat higher than the theoretical expectation. The values noted in Table III 
and IV are those corrected for this abnormality. 

Table IV. 

The decomposition of glycocoll. 


No. 

Micro-organisms 

Amino-N in 
100 c.c. 

Ammonia-N in 
100 c.c. 

pH 

1 

Control 

rag. 

181.8 

mg. 

0.5 

■ 6.00 

2 

Bac. albolactis 

18U1 

0.0 

6.60 

3 

Bac, glaveolens 

181.7 

0.4 

6.00 

4 

Bact. gastricum 

181.6 

0.6 

6.66 

6 

Bact, coli-anindolicum 

153. B 

25.2 

7,34 

0 

Bact, diffusum 

173.0 

7.4 

6,09 

7 

Asper. glaucus 

139.0 

39.0* 

8.02 

8 

Penic. glaucum 

121.2 

68.8 

8.25 

9 

Mucor mucedo 

181.6 

0.6 

6.60 

10 

M. racemosus 

148.2 

29.0 

7.68 

11 

Rhizopus nigricans 

,121.7 

56.4 , 

8.20 



160 


K. OKAHARA 


4. Glycocoll. 

The constitutional formula of glycocoll is C IT (NI L).C OOH, so that it 
contains theoretically 186.65 mg nitrogen in one gram. 'J'he ix'sults ai'c' 

given ill Table IV. 

Table IV shows that glycocoll can be clo-comiiosed by BacL co/fannwio- 
licum, Bact diffusum, Aspergillus, Penicilliim, Mneor raceniosus, and 
Rhizopus, that is, only by the organisms which can decompose glycylglycin(\ 
As to the amino nitrogen, in the case of mono-amino acids, siu‘h as glyco- 
coll and alanine a decrease in amount would naturally be expc(!ted, if th(\y 
were broken up by the organisms. The sum of the measurable amino- and 
ammonia nitrogen values stand approximately the same as that of llu^ 
control. 

5. tt-alanine. 

The consitutional formula for «-cxlanine is Clhi.CH (NHis).C>()()Il, th(a.’e- 
fore, it contains theoretically 157.29 mg nitrogen in one gram. The ixisults 
are given in Table V. 


Table V. 

The decomposition of l^/o ^-alanine. 


No. 

Micro-organisms 

Amino-N in 
100 c.c. 

Ammonia-N in 
100 c.c. 

pll 

1 

Control 

mg. 

157.1 

mg, 

0.3 

5.07 

2 

Bac. albolactis 

150.8 

0.3 

5.08 

3 

Bac. glavGolens 

131 .7 

ai.a 

7.28 

4 

Bact* gastricum 

130.0 

S5.0 

7.33 

5 

Bact. coU-anindoUcum 

90.8 

50.1 

7.74 

6 

Bact. diffusum 

150.7 

0.5 

5.09 

7 

Asper, glaucus 

119.1 

34.0 

7.53 

8 

Penic. glaucum 

50.1 

100.2 

8.33 

9 

Mucor mucedo 

129.5 

27.3 

7.39 

10 

M._ racemosus 

130.5 

13,3 

7. IB 

11 

Rhizopus nigricans 

83.1 

08.7 

7.80 


It may be seen in the above table that alanine is attacked by the 
majority of organisms with the exception of Bac. albolactis and Bact 
diffusum. In the case of Penicillium, Rhizopus and Bact coli-anindolicum 
particularly, the decomposition is most remarkable. 
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c. Experiments in the Medium pH 3.3. 

In this acidic medium peptone and glycocoll are decomposed only by 
Penicillium, Aspergillus and Rhizopus. (Table VI and VII). 


Table VI.« 

The decomposition oi 2 "/o Witte’s peptone in an acidic medium. 


No. 

Micro-organisms 

Amino-N in 
100 c.c. 

Ammonia-N in 
100 c.c. 

pH 

1 

Control 

mg. 

:?0.3 

mg. 

12.7 

3.25 

2 

Asper. glaucus ' 

117.0 

94.0 “ 

S.lcS 


Penic. glaucum 

57.0 

119.3 

S.29 

4 

Rhizopus nigricans 

37.5 

93.9 

8.05 


Table VII.*^ 

The decomposition ot 1% glycocoll in an acidic medium. 


No. 

Micro-organisms 

Amino-N in 
100 c.c. 

Ammonia-N in 
100 c.c. 

pH 

1 

Control 

mg. 

179.3 

mg. 

0.3 

3.37 

2 

Asper. glaucus 

142.5 

37.0 

7.84 

3 

Penic, glaucum 

126.5 

52.5 

8.38 

4 

Rhizopus nigricans 

: 126.3 

51.5 

8.30 


*) The other organisms not recorded in these tables do not attack the peptone 
and glycocoll in this acidic medium, so that in their cases there are no results to 
be given. 

Dernby found that the optimum acidity for the decomposition of 
gelatine or peptones by Bac. suhtilis, Bac. pyocyaneus, Bac. proteus and 
some others is nearly at pH 6-7, and the growth and the action of the 
enzymes of organisms are both limited to the same range of acidity, that 
is to pH 4-9. Similar results were also obtained by Dernby and Blanc 
in the experiment with some species of Clostridium, The bacteria and 
fungi used in my work, with the exception of Aspergillus^ Penicillium 
and Rhizopus, are in their action on proteins and in their degradation 
products similar to those with which Dernby’s experiments were carried out. 

Looking through the results of all the experiments above-mentioned, 
Bact. gastricum, which hydrolyzes casein and peptone with great ease are 
unable to attack the amino-acids used, while in the case of Bact, coli- 
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anindolicum these effects are reversed, glycocoll and alanine being easily 
attacked, and casein and peptone slightly hydrolyzed. In cms(>.s of fungi, 
such as Penidllium, Aspergillus and Rhizopus, th(^ protein, peptides and 
amino acids used are easily decomposed both in a sti'ong and weak 
acidic medium; this effect being osimeially noticeable in PmkMmm and 
Aspergillus. Mucor mucedo and M. raceniosus do not attack llu' amino 
acids used or only very slightly. In general they are only capable of 
decomposing some nitrogenous compounds under the optimum t^ondilions, 
and their preference for some compounds to others is clearly demonstrated. 

The fact, however, that the majority of organisms isolated from insec- 
tivorous plants can not grow in a medium of about pH 3.3. may lead to 
the question whether they really do take part in the decomposition of 
insect bodies by insectivorous plants or not. In my view, inseri bodies 
are probably first attacked by those organisms which are capable of growing 
in a strong acidic medium, while the others, after the acidity of the medium 
has changed so as to be weak, come to take an active [)art in tin; decom- 
position. 

In consideration of the characteristics of the proteolytic (mzyme in 
leaves of Drosera and in pitchers of Nepenthes, as shown by Ciautuiau 
(1900), Vines (1901), and Okahara (1930), we are directed to the conclu- 
sion that the micro-organisms, if not the enzymes of other kind should be 
proved to exist in the fluid of those plants at ail, may be considered to 
take a cooperating part in the decomposition of insect bodies, so far as 
the nutrition of those plants is concerned. 

d. On the Process of Decomposition of Amino Acids by Micro-organisms. 

Ehruch reported that the formation of higher alcohols from amino 
acids was a single case of hydrolysis causing the liberation of carbon 
dioxide and ammonia, and that the alcohols formed had one carbon atom 
less than the' amino acids. 

R.CHNH*.COOH -i- H^O = R.CH,OH 4- CX), 4 NIi 
And also, according to him, the formation of a-hydroxyacid by the hydrolytic 
deamination of amino acid, replacing NHrgroup with OH, seems probably 
to be true. 

R.CHNH..COOH + H^O =R.CHOH.COOH + NH, 

In the study of the decomposition of phenyl amino acetic acid to p-oxyphenyl 
ethyl alcohol by yeast, Neubauer and Fromherz (1910-11) reported that 
the formation of higher alcohols from amino acids passes through more 
complex intermediate stages than is suggested by Ehruch ; and that «- 
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hyclroxyacid may not be produced by direct hydrolytic deamination, but 
rather by the reduction of ^-ketonic acid. They represented the process 
of alcoholic fermentation by the following scheme : 


R 

I H 

I /"' 

C 

i\ 

I NHa 

COOH 

Amino 

acid. 



of imino add. 

acid. 


R 

I 

CHO 

Aldehyde 


(+H) ^ 
(reduction) 


R 

I 

CH 2 OH 

Alcohol 


R 

I 

CHOH 

I 

COOH 


Hydroxy acid. 


If this idea is applied in the case of alanine, the process of its alcoholic 
fermentation comes to have a remarkable resemblance to that of the 
transformation of hexoses, as postulated by Neuberg: 

Hexose“->Hydrate of methyl glyoxal-~>Pyruvic acid~>Acet- 

i 

Lactic acid 

aldehyde-->Ethyl alcohol. 

WiELAND and Bergel (1924), however, objected to the suggestion of 
Neubauer and Fromherz on the ground that the amino acid is decomposed 
through the form of quinone to aldehyde in the following way : 


H 

1 

r 

1 

R 

R 

CHNHa 

— > C:~-NH ' 

1 

C^NHd-COa 

1 

CH 4-NHn 

I 

COOH 

1 

COOH 

1 

H 

d 

Amino acid 

Imino acid 

Quinone 

Aldehyde. 


In the biological transformation of amino acid, however, ccrhydroxy and 
^/-ketonic acids are generally formed. The process of formation of these 
acids cannot be explained by Wieland and Bergel’s scheme, though their 
suggestion may surely be true from the standpoint of pure chemistry. 

To throw some light on this question the following researches were 
carried out. The culture media used in these experiments were prepared 
by the addition of 7.5 g glycocoll or alanine to each 500 c.c. of the liquid 
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medium above-mentioned, which contained only inofffanic salts, and was 
inoculated with Penicillium glavcum, after it had been left in the th<>rinostat 
for 20 days at about 30°. 

1) The decomposition of gly<‘ocoll. 

The filtrate of the culture lu|uid was distilled, and th(> t('sts for methyl 
alcohol, formaldehyde, formic, and aci^tie acids wc're niad(' with lh<^ distillate, 
but the reactions turned out negative. Th<m the tests for glyoxylic^ acid 
were carried out with the distillate as follows ; 

1) The liquid to be tested was mixed with indol, skatol or trypthoi)han(‘, 
then concentrated sulphuric acid was added being poured down along llu; 
side of the tube. A reddish violet ring was distinctly formed at the 
junction of the liquids. 

ii) The liquid to be tested was treated with an ex(;(;ss of calcium 
hydroxide on the water-bath, then filtered off. The filtrate was cooled, 
and characteristic crystals of calcium glyoxalatc in the form of white prisms 
were readily collected. 

It is well known that many chemicals, e. g. acetic acid, alcohol, acetone 
etc., in an ordinary state of purity contain a trace of glyoxylic acid, so 
that it is necessary to test this acid in a culture liquid of the same com- 
position, inoculated but with no organism as a control. Su(;h a liquid 
gave no reaction for glyoxylic acid. 

Thus the production of glyoxylic acid by the micro-organisms is very 
probable. Moreover, the positive results of the general reaction for hydroxy- 
acid in the distillate of the culture liquid have led me to the idea that 
glycollic acid may also be produced, though the isolation of it failed. 

2) The decomposition of alanine. 

The tests on acetaldehyde, acetic and propionic acids were carried out 
with the distillate of the culture liquid, but the results were negative. 
The residue in the flask which gave a strong positive iodoform reaction 
in the cold was condensed on the water-bath. From the characteristic odour 
of the syrup the presence of pyruvic acid was presumed. The syrup was 
distillated fractionally in a vacuum at about 65°/ 12 mm. With the distillate 
the following tests were carried out; the reduction of ammoniacal silver 
nitrate, the red colour formation in. the presence of ferric-chloride dissolved 
in ether, the iodoform reaction in the cold, and the blue colour reaction 
by the addition of nitro-prusside natrium and ammonia. All these tests 
gave positive results. Therefore p 3 Tuvic acid may be assumed to have 
been produced in the culture liquid. 

Further, to detect lactic acid in the culture liquid, the latter was heated 
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on the water-bath, and oxalic acid was added to precipitate calcium salt. 
The liquid was filtered off and evaporated to a syrup. This syrup was 
extracted with ether, evaporated, and then dissolved in water. The aqueous 
solution was added with baryta, the excess of which was treated with 
carbon dioxide. The mixture was boiled to decompose the barium car- 
bonate, filtered, and the filtrate was treated with zinc carbonate. Crystals 
in the form of white prisms were isolated. With these crystals, Fletchter 
and Hopkin’s and Denige’s reactions for- lactic acid were tested. The 
result was positive. 

In consideration of the formation of glyoxylic acid from glycocoll and 
of the lactic and pyruvic acids from alanine, these amino acids, in accordance 
with the Neubauer and -Fromherz scheme, seem to be transformed, 
respectively, in the following ways : 


H 

(4- 0) H 
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COOH 
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(+0)| |(+H) 

CHh 



CHOH 

COOH 

Lactic acid. 



' Acklin (1929) said that the tranformation of lactic acid by PenicUlium 
glaucum proceeds through pyruvic acid to acetaldehyde. So it may not 
be impossible to postulate the formation of acetaldehyde in the decom- 
position of alanine under the action of micro-organisms, though the detection 
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of it was unsuccessful. 

The results obtained in this study point to the conclusion iluit, though 
the main decomposition products of amino acid may he different for different 
organisms, e. g. for acetic or pi‘oi)ionic acids fennemting bacteria, main 
process of transformation will be ruled by Nkubaueh and FHOMfiKiiz’ schetme, 
as in the case of hexoses which are ruled by that of NKumoau 

in. SUMMARY. 

1. The following micro-organisms have been isolated from I he leaves 
of Drosera rotundifolia and the pitchers of Nepenthes mirabiliSy viz. Bac. 
albolactis, Bac. graveolens, BacL gastricum, BacL coli-anindolicwni^ Bact 
diffusum, Mucor mucedo, M, racemosus, Aspergillus glaucus, Penici Ilium 
glaucum, Rhizopus nigricans^ Actinomyces and yeast. 

2. The degree of decomposition of casein, Witte’s peptom\ glycyb 
glycine, glycocoll and alanine by these organisms, with the ('xcT'ption of 
Actinomyces and yeast, has been investigated in estimating the amino and 
ammonia nitrogen values. 

3. The experiments were carried out in two kinds of acidic mcHlium, 
one pH 5-6, and the other pH 3.3. In the culture medium pH 5 6 th<^ 
majority of micro-organisms isolated are capable of decomposing thc^ nitro- 
genous compounds above-mentioned. In the medium pH 3.3, WirrE’s 
peptone and glycocoll were decomposed only by Aspergillus glaucus^ 
Penicillium glaucum, and Rhizopus nigricans. 

4. The organisms have mutual preferences in the decomi)()sitk)n of 
proteins and their degradation products. Bac. albolactis and Bact. gastricum 
which attack casein and peptone easily could not or only slightly decomi)os(^ 
the amino acids used. Bact. coli-anindolicum slightly attacks casenn, hut 
actively decomposes alanine. Two types of organisms may (‘ooperatc^ in 
the decomposition of protein to ammonia. 

5. By the action of Penicillium glaucum glyoxylic add is p!X)l)ably 
formed from glycocoll, and lactic and pyruvic acids from alanine. And 
the process of the transformation of amino acids seems to follow the 
Neubauer and Fromherz’ scheme. 

6. Looking through the results obtained it is likely that in the whole 
process of decomposition of protein in insectivorous plants the enzymes 
secreted by the plants themselves may take a leading part, but the micro- 
organisms, such as are isolated from those plants, may also cooperate in 
the completion of the process. 

In conclusion, I wish to thank Prof. Dr. Y. Yamaguti for his help 
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and the Government of the South Sea Islands for the kindness shown in 
supplying me with ample living materials of Nepenthes. 
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THE COLONY OF THE LIMPET {ACMAEA 
DORSUOSA Gould)'' 


By 

Noboru Abe. 
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(With 9 text-figs.) 

(Received Feb. 10, 1933) 

INTRODUCTION. 

Among the colony forming species of Gastropods, Littorina, Purpura 
and Acmaea dorsuosa are seen commonly in Mutsu Bay. In my previous 
paper (Abe, 1931) I have reported some ciccounts on the formation as 
well as dissolution of a colony by the limpet, Acmaea dorsuosa, and I 
will now present further observations carried out since spring of 1931. 
The purpose of the study was to throw some light on the point of why 
and how the limpet forms and desolves the colony. 

Observations have been done at the Asamushi Marine Biological Station. 
While the observations were being carried out, Prof. Dr. S. Hatai informed 
me in many ways. I wish to express my hearty thanks to him and to 
the other members of the station for their kind assistance. 

FORMATION AND DISPERSION OF COLONY. 

Limpets were marked by painting the tops of their shells by red enamel 
in one colony and by white enamel in the other in summer, and their 
movements were closely observed on the rocky cliff of Hadakajima, near 
the station. 


a) The Variation as to the Time of Dispersion. 

1. Individual variation. Although Acmaea dorsuosa dissolves the 
colony during about the middle of September to the beginning of October, 
yet there is considerable variation as to the time of dispersion according 
to the individuals even in one home, as shown in Table 1. 


Contributions from the Marine Biological Station, Asamushi, Aomori-Ken, No. 101. 
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Table I. 

Individual VcU'iation on dispersion. 


Colony 

Date. 19^)1 

' 

No. 1 

No. 2 

No, 3 

Sept. 8th. 

no dispersion 
occured (21) 

no dispersion 
occurred ^21) 

34 in tlu^ home (47) 

22nd. 

dispersion begun 


- 

„ 26th. 

7 in the home 

- 

„ 30th. 

5 

- 

25 in the home 

Oct. 2nd. 

2 

dispersion begun 

11 

.. 7th. 

o 

12 in the home 

11 

.. 11th. 

3 

- 

7 

13th. 

completed 

8 

1 

,, 16th. 

0 

o 

completed 

„ 21st. 

a 

completed 

0 

„ 24th. 

0 

0 

0 


In colony No. 1, some limpets had already dispersed on Sept. 22nd 
and yet 3 limpets still remained in the home until Oct. 11th, showing 
at least a 20 day difference between the earliest and the latest. Colony 
No. 2 shows a 15 day difference, and colony No. 3, a 35 day difference. 
So it is clear that the limpets show individual variation as to the time of 
dispersion. 

2. Time of dispersion in relation to age. Relation between time of 
dispersion and age of limpet is shown in Table II. 


Table II. 

. Time of dispersion in relation to the ages of limpets. 


No. of 
colony 

Age 

in years 

Sept. 27th. 

Oct. 8th. 

Oct. 13th. 

Oct. 28th. 


1 

0 

0 

0 



* 2 

8 

6 

3 

4 

I 

3 

9 

2 

2 

0 

4 

2 

2 I 

2 

2 


5 

13 

8 

3 

0 


6 

9 

1 

,1 

0 


7 

. 0 

5 0 

0 

1 

0 


COLONY OF LIMPET 


171 


No. of 
colony 

Age 

in years 

Sept, 27tk 

Oct. 8th. 

Oct. 12th. 

Oct. 28tli. 


1 

29 

7 

6 

20-^ 


2 

50 

23 

6 

12^- 


*> 

14 

3 

o 

1 

11 

4 

16 

16 

5 

0 • 


5 

18 

4 

1 

0 


6 

0 

0 

0 

0 


7 

0 

0 

0 

0 


1 

0 

0 

0 

0 


2 

7 

9'^ 

1 

3^- 


3 

2 


0 

0 

III 

4 

1 

1 0 

0 

0 


6 

4 

1 

0 

0 


6 

2 

2 

0 



7 

2 

0 

0 

i ^ 


Younger limpets frequently migrate even in the period of dispersion. 


From Table 11, we can see clearly that younger limpets less than 3 
years of age disperse comparatively later than older ones of more than 4 
years of age. Table III shows the individuals in the home and out of 
the home. 


Table III. 

Limpets in and out of the three colonies combined. 
(Sept. 27th, 1932). 


Age in years 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Total no. of inds. in these homes 

0 

10 

12 

4 

18 

10 

1 

0 

1 

No. of inds. which dispersed out 
but are found close to the homes. 

0 

1 

0 

6 

16 

10 

6 

6 

3 


3 . Time of dispersion in relation to the location of the colonies. 
Comparing the limpets in one colony to those in the other, one notices 
clear difference as to the time of dispersion (Table IV). 

From Table IV, we can see that the limpets in the home which faces 
the west dissolves the colony earlier than those facing the east, influenced 
probably by waves, since west and north-west winds blow strongly and 
most frequently in the cold season while east and north-east winds blow 
but only occasionally, and since the rock shore of Hadakajima faces both 
west and north-east, those homes facing the west receives the wave influence 
most strongly. It was noticed that if two colonies are formed, one above 






Taui^e IV. 

Directions of the colonies in their relation (o the time of dispersion. 


‘ " ’ Colony 
Date 19,‘12 ^ 

No. I 

120'’ NE 

No. 2 

210” NNW 

No. 

isr,'' NNNW 

No. 4 
(55“ WVVN 

Sept. Sod. 

no disiiersion 
occurred 

no dispersion 
ofVTirn'd 

no dispt'rsion 
occurnHl 

no disptu’sion 
o(’tnirr<‘d 

„ 19th. 



dispersion Ix'gnn 

disp(‘rsion fu'gun 

„ 23rd. 

- 

dispersion begun 

1st stage 

I si siag(^ 

29th. 

dispersion begun 

1st stage 


- 

Oct. 2nd. 

1st stage 


2nd stages 

2n(l stage 

„ 8th. 

- 

2nd stage 


coinpleU'd 

12th. 

2nd stage 

- 

compltded 

winl(‘r lib* 

„ 21st. 

completed 


wint(‘r lif(‘ 


.. 28th. 

winter life 

completed 




1st stage indicates that about 1/3 part of tlio liinpetB di.spcr.scd. 2nd stage 
indicates that the majority of the limpets are dispersed. Wintc'r lif(^ indieiili'.s that 
the limpets moved upward from the home and began winter life. 


the Other, the dispersion begins earlier in the lower colony than in the 
upper colony. (See Fig. 4, colonies E and C) 

b) Vertical Dispersion. 

1. Measurement of dispersed distance. Although the time of dispersion 
varies considerably according to the individuals but ultimately all the 
limpets scatter away from the home. The direction of scattering may be 
conveniently divided to two dimensions, vertical dispersion and horizontal 
dispersion. 

The distance of dispersion can not be accurately measured becaust^ 
the face of the rock is not only uneven but inclines about 46 to 59 degrees 
on horizontal plane, though so far as the degree of inclination is concerned, 
it can be calculated from the relation a sin 0. The measurements taken 
along the inclined surface show utmost about 2 meters above and 1.6 
meters below the home level. 

2, Relation of vertical dispersion to temperature. The vertical disper- 
sion of the limpets in two colonies, consisted of young limpets of two 

years of age and of older limpets of 6 or 7 years of age as shown in 
Fig. 1. 
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111 Fig. ], a middle horizontal line shows a level of the uppermost 
edge of the home. Heavy line AB shows the period during which the 
limpets recolonize in 1931. At B, or on about Sept. 15th, 1931, dispersion 
of the colony began and some of them dispersed upward from the home 
and others downward, exact positions occupied during subsequent dates 
by those traversed from the home level are indicated by the zigzag courses. 
AL C, or on about April 10th, 1932, the limpets began to recolonize in 
1932. Similar as at B, D, or on about Sept. 20th, is a point of dispersion 
in 1932. 

On B and D, where the limpets began to disperse, we notice a fall 
of atmospheric temperature under 15°C, which continues to fall gradually 
during the subsequent days. As for dispersion, although we notice the 
fall of temperature below 15°C on Sept. 5th, the limpets did not show 
dispersion, due probably to the rise of temperature in subsequent days. 
Similary on D, the atmospheric temperature fell below 15°C on Sept. 13th 
and again on 19th, after which it fell gradually and continuously. Some 
of the limpets began to disperse on about the 13th though the majority 
began after 19th. 

The dispersion of the limpet or dissolution of the colony seems to me 
to be related to the steady and continuous fall of atmospheric temperature 
below at 15‘’C in its minimum temperature during late autumn season. 

Examining the movements of limpets from B to C, it will be also 
noticed that after dissolution till towards the end of Oct., the individuals 
which moved upward from the home are more numerous than those which 
moved downward. But after the 20th of October the limpets dispersed 
downward gradually and after Nov. 20th almost all of the limpets began 
to crawl downward, and the majority of them were seen one meter above 
the home level. 

On the other hand the re-formation of the colony seems to have begun 
during the si)ring season when the atmospheric temperature tends to rise 
steadily and continuously till about 13‘’C (in its maximum temperature) or 
above. For instance the first ten days of April in 1932, the atmospheric 
temperatures rose to about 13‘'C and the limpets appear ready to form 
the colony, as indicated by the presence of the limpets on the rock face 
of Hadakajiraa, and in reality all of the limpets recolonized shortly after. 

3. Wave in relation to dispersion. The colony of the limpet is always 
formed above high-water mark, and since they can not creep without the 
aid of splashing water, the waves are seemingly important in their disper- 
sion. In Fig. 1, gales more than 8 or 9 meters per second are indicated 



174 


N. ABE 



by short lines drawn perpendicular from th(^ lop. Winds of 8 mders 
per second accompanies white-crested waves which wash oven* the rock 
face where the limpets are. 

Look upon B in Fig. 1 or on Sept. 5th and 6th, the minimum 
atmospheric temperature was about 13°C, but no stronger winds were 
recorded and no dispersion of limpets was noted, but on 13th,, IZ meters 
gale and on 20th and 21st, 13-15 meters gale blew and the dispersion 
of limpets was noted in those days. On D or on Sept. 7ih and the 
following several days, 10 to 12 meters gale was recorded and we 

noted the dispersal of limpets. 

I may mention here that the limpets are found under snow without 
showing apparent injurious effect, 

4. Relation of age to vertical dispersion. 1 have made a frame of 
one meter in breadth and 1.4 meters in length, which were divided into 
7 partitions, by strings which were fastened 20 centimeters apart. With 
this frame I have determined the position of limpets on the rock face, 
away from the level of the uppermost edge of the home. Limit of measur- 
ment is 6 meters from the east end to the west end of the rock of 
Hadakajima. An example of the determination is shown in V. 

Table V shows that the range of vertical dispersion varies with the 
age of limpet ; that is, limpets younger than 3 years of age are almost 
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Table V. 

Vertical distribution of the limpet. 



May June July August Sept. Oct. Nov. Dec. Jan., 1933. Feb. 



Hadakajima, Nov. 12th, 1932. 
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always below tbe hooie level, those above 4 or 5 years of ag(^ 0 (*cii|>y 
upper a higher position from the home, while' the limix'is of 1 or 5 yc'ai's 
of age are dispersed both above and below. 

Now dividing the limpets into two groups, the yoimgcT gmnip l(\ss ihaii 
3 years of age and the older over 4 years of age, W(^ notice ilmr ri\siHM‘tive 
dispersion as shown in Fig. 2 and Fig. 3. 



Fig. 2. 


Vertical distribution of the young limjKH. 


— * 

-m 

Oct. 12th. 

U: m 

# 

Doc, 4th. 

m- - 


„ 21ht. 



M m\h 


-m 

„ 28Ui. 

m - 

w 

n 27th. 

Q 

0 

Nov. 5th. 

0 

o 

Jaiu 7 th. 

0- - 

-0 

12th. 

0- - 

o 

17th. 

0 

-0 

M 24th. 

o -• 

(5 

hVh. 2n(l 


As is shown in Fig. 2, the frequency distribution of the young limpc'l 
is almost symmetrical ; that is, the number of limpets dimini.she.s as th(; 
distance from the home level increases in both the periods in A and B, 
though the range as well as the position of maximum frequencies is not 
identical. We notice in A or in the first three months after dispersion, 
the limit of range is practically one meter above and below the home 
level and its maxiinura point thus lies only within 40 centimeters below 
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the home level as is shown in Fig. 2. But in the later days or in B, 
the position of maxima moves farther below 40 centimeters or approximately 
lies within 60 ceiitimetcn's below it. 

The v(a-ti(*al distributions of the older group in A and B are shown 
in Fig. 3. 



Fig 3. Vertical distribution of the old limpet. 
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The rang(‘ of distribution is wide. In A it lies between about 2 meters 
al)0V(' and one meter below the home level, while in the later days or 
in B, th(^ rang(' change's from 40 centimeters above to 160 centimeters 
below the homt' levt'l, w(' thus notice that seasonal variations of the 
fretiuency distribution are very conspicuous, as will be seen from the respec- 
tive positions octaipied at different periods. That is 84 : 106 (=0,79 : 1.0) 
on Oct. r2th, 29 : 124 (‘ .0.23 : 1.0) on Dec. 4th and 7 : 144 ( -.T).05 : 1.0) 
on Jan. 17th. 

So it is clear that the limpets in the earlier period of dispersion is 
upwards and yet after the beginning of December, it retreats downward. 
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Beside this, it seems to worth noting that sevet‘al liniix^ts in B move' 
farther below the level of 160 centimeters from the hom(' than th(‘ 

lowest occupied by the limpets in A. 

Here I wish to point out that Acmaoa donuosa makers a honu^ at 
different levels (Fig. 4, a) from other animal associations winch also inhabit 
a position closer to the water level su(‘h as Cklhamalu.s cJiaUcn,mi lloi^ac 
and Mytilus crassitesta LiscliKH,* hut alO'r dissolution ol th(' (‘olony they 
are often found associated among those of th(^ lat('r. 



Fig. 4 Rock face at lowiido, showing th<‘ association of lh(‘ Iin)p<‘l, 

a) Acmoea dorauosa (Jouco. 

b) Chthamalus chollengori IIOKK. 

c) Septifer virgatus t Wn^dMANN)"' 
cl ) Motilus crassitesta LlscxiKK * 
e) Asterias rollestoni Sladen. 

^photographed on Sopt. 24, 19H1) 

■' On the identification of the species name of the shells above (iiioted, I am much 
indebted to Mr. Shichihei Nomura. Here I wish to express my sincere thanks to him. 
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c) Horizontal Dispersion and Home. 

1. Horizontal dispersion and reformation of new colony. The limpet 
disperses hoi-izontally as well vertically as already mentioned. ^ On the 
time of dispersion, one part of the limpets disperse to the westward and 
the other to the eastward, and the maximum distances traversed to both 
are almost the same ; that is, 6 meters away from the original home. 

fn one home it was found that the number of limpets which dispersed 
to the eastward to the ones which dispersed to the westward were 15:8 
respectively in the first month after dispersion. But the limpets which 
formed their home one meter to the eastward from the first home mentioned 
already, it was 7:13 respectively. In both cases nearly 1/3 of the limpets 
occupied the positions within both directions about 1 meter from the home. 

The limpet shows homing habit, but it is very doubtful that the limpet 
which disperses several meters away from the home may ever return to 
die original home in the next spring. To test this point I have examined 
the individuals in many reformed now colonies at spring of the following 
yeai*, and the results are shown in Fig. 5. 



Ftg. 5. Rock shore of Pladakajima, showing the colonies of Acmaea dorsuosa 
Gould in 193^. 

In Fig. 5, the colonies lettered A, B and C are the places where the 
colonies were forined in 1931, and the individuals there found were 25 
in A, 19 in B and about 250 in C. In the spring of 1932, colonies were 
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reformed on the same positions but the individuals which entered into 
the formation of these homes involved many newcomers. At th(>. same 
time entirely new colonies were formed on 1), E, h', G, and II, cnvolved 
several limpets which were found in A, B and G in 1931. Furthermore 
the limpets in the home B in 1931 are scon A, B, (• and I) in 1932. 
The migration of limpets just mentioned are diagramatically shown in Fig. (i. 


1931 


1932 


21 


H 


19 




A B D 


200 


F 


61 


Em 


Fig. 6. Re-formation of the colony. 


It seems therefore that the colony is reorganized yearly with addition 
of new members. Although it is a fact that one part of them returns 
exactly to their original home of the former year, but whether or not 
they return to the original home by mere accident or by homing habit 
can not yet be definifly stated. 

2. On the home. The limpets usually reform their colony on the 
place where the homes were formed in the former year, but often a new 
home is formed either only within 15 to 20 centimeters away from the 
old home or at entirely different places where no old homes arc to bo 
found in their neighborhood. It is also the case that the home.s of pnivious 
year are cast away and are occupied for only one year. 

As for the scar, there are scars clearly printed or almost not printed, 
according to the properties of the rock. In Fig. 7, we can sec scars 
printed clearly. This rock is quartz-trachyte and the scar was marked 
only within 5 months. 

The scar is not extinguished in a year and new scars are printed over 
that of the former year, so there are seen double or even triple scars. 
The scar may be printed by some kind of an acid secreted by the limpet 
and also by friction' of the edge of the shell, but I do not yet know of 
the nature of the secretion. 
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Fig. 7. Scars markcfl by the limpet. 

(pholdgraiihcfl on 0(^t. Sinfl, 19.'I1 at Hailakajiraa, No. 1. in Table IV.) 


11. EXI’F.RIMKNTS ON THE MODE OF COl.ONY FORM.A.TION. 

Acmaea dorsuosa exhibits the hahit of colony formation in the laboratory 
as in nature. I have therefore followed carefully in the laboratory the 
formation and dissolution of a colony and will present some of the results 
so far attained. 

a) Method. 

A middle sized cylindrictil glass vessel, diameter 30 cm. and height 
25 cm., was filled with sea-water up to 10 cm. below the uppermost edge. 
The waU‘r is constantly running. And the wall of the mouth was eight- 
so-C.ted, and each of the section was numbered from 1 to 8. Sixteen limpets 
W(ire placed on the inner wall, one along the middle line of each pertition 
and other one on the lines, 15 cm. under the water surface. The limpets 
thus placed on the wall begin to creep upward by negative geotropism 
(Abe, 1931) and nearly reach the water surface. 

On the next morning the positions of the limpets were marked from 
the outside of the glass vessel and then were printed on a plotting-paper. 
Such processes continued 8 to 10 days in each experiment. 

b) Experiments. 

Exp. 1 On the limpet before dispersion. 
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The first experiment began on August 31st, using the limpets vvliich 
were collected in one colony of Yunoshima and the observation was con- 
tinued till near the end of September. These the limpet formed a colony 
even in the laboratory and did not disperse during the per'iod ol ol)S(‘rva- 
tion. All of the limpets so far examined showed tlK‘ habit of colony 
formation as is shown in Table VI. 


Table VI. 

Colony formation of the limpet before dispersion. 


Exp. 

No. 1. (August, .Slst.) 
28.9^C-18.0°C 


No. 2. (Sept, (ith.'l 
28.0°C-17.6°C 

No. 

2; 

:i. iSopt. 

t.rc-i;!. 

21st. 1 

OT. 

Days 

after 

Section 

1 

2 

3 

4 

5 

Colony 

1 

t> 

3 

4 

5 

Colony 

1 

2 

3 

4' 

5 


Colony 

1 

0 

0 

0 

0 

0 

-- 

0 

0 

0 

0 

0 


7 

10 

10 

9 

10 


4*10 

2 

5 

4 

5 

5 

5 

+5 

4 

4 

4 

4 

4 

+4 

3 

0 

0 

0 

0 



3 

1 

1 

1 

1 

1 

— 

0 

1 

0 

0 

0 

- 

o 

2 

2 

4> 

o 

Jj 


- 

4 

1 

1 

0 

0 

0 

- 

3 

2 

3 

3 

3 

+3 

0 

0 

0 

0 

0 



5 

2 

1 

2 

o 

2 

+2 

0 

0 

0 

0 

0 

- 

4 

4 

4- 

5 

3 


+3 

6 

1 

3 

2 

o 

2 

+2 

0 

0 

0 

0 

0 

- 

0 

0 

0 

0 

0 


- 

7 

1 

1 

1 

1 

1 

— 

6 

6 

3 

3> 

*> 

- 

0 

0 

0 

0 

0 


— 

8 

4 

4 

4 

4 

4 

+ 4 

1 

1 

5 

5 

(> 

+(> 1 

0 

0 

0 

0 

0 


— 


Note on the experiment: 

The colony formed in the laboratory is maintained almost as long a peiiod as in 
natural habitat, and the limpets creep out of the home and feeds on brown s(‘d<‘ntary 
microscopical organisms, mainly naviculoid forms, which (‘over th<‘ darker sid(‘ of th<^ 
glass wall, just as they do in nature (Tig. 8). The tra(‘<‘ of ch'anly (‘atcn(‘d luith 
made by the limpet is shown in Fig. 8. 

In Fig. 8, one limpet, 2Z mm. in shell length, is shown, which er(^pt away from 
the home on its way of feeding. It was found on early morning of Oct. 31 st and 
continued its feeding till 2 p.m. of the same day, and at 4 o’clock, the limp<‘t return(‘d 
to the home. At 9 o’clock on the next morning, this limpet was again found on the 
undermost end of the left path, and this figure was photographed at 6 o’<4ock on 
Nov. 1st. 


Exp. 2. On the limpet after dispersion. 

On Oct. 15th the limpets were found scattering here and there on 
the rock face at Mourajima. These scattered limpets were collected and 
were tested in the laboratory by the same method already described 
(Table VII). 
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Fig. 8. A view of Acmaea dorsuosa showing the food-paths and colony formed 
in the glass vessel. Photographed on Nov. 1st, 1931. 


Table Vll. 

Colony formation of the limpet after dispersion. 


Exp. 



No. 4. 

(Oct 

15th.) 




No. 5. 

(Oct. 35th.) 

Temp, 

19.0"C-10.0“C 



t8.9°C-9, 

.0‘^C 


Days after 















1 

*> 

3 

4 

5 


Colony 

1 

3 

3 

4 

5 

Colony 
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1 

1 

0 

0 

0 

0 



i 3 

1 

1 

1 

1 

- 


2 

3 

3 

2 

3 


- 

4 

3 

3 

3 

3 

— 

1 

3 

3 

;} 

3 

2 

1 


— 

0 

0 

0 

0 

0 

- 

4 

0 

0 

0 

0 

0 
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0 

0 

0 

0 
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3 

5 

4 

6 

6 


+5 

3 

5 

7 

7 

9 

+8 

6 

3 

0 

0 

0 

0 


- 

0 

0 

0 

0 

0 

— 

7 

4 

5 

5 

5 

7 


+7 

6 

4 

3 

3 

0 

— 

8 

1 

1 

2 

0 

0 


— 

0 

0 

0 

0 

0 

— • 
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As we can see in Table VII, the limpets which once (lissolvcnl a colony 
in their natural, habitat when those were brought into the lal)oralory. 

Exp. 3. On the young limpet. 

On Dec. 5th I collected some limpets about 2 years of ag(\ and 
examined them by the same method, Th(\v did not Ibi’in a lionu' within 
the length of time allowed for the formation of a honu^ by old liinp(^ts, 
so I waited another ten days and found only om^ small hoim^ mad(^ by 
three limpets (Table VIII). It seems safe to com'huh^ that young limixds, 
two years of age, normally do not form a colony. 

Table VHL 


Colony formation of the young limpet of two y(xu*s of ag(\ 



Five young limpets and eleven older ones moia^ than 4 y(^ars of ag(\ 
were used in the experiment The glass vess(d was voviwd with a box! 
The experiment began on Dec. Kith and on 27tb. Tlu^ limptds fornnHl 
two colonies. The dark box was thon taken away and on Jan, 3rd two 
new additional colonies were found as shown in Talk IX. 

It is to be emphasized in the pr(\sent expcn’inumt tliat ilu' limpc^t can 
form a colony in the dark. Whether or not the limpid, s Icmd to form 
the colony in darker or lighter sides of vessel were lestxl and lh<^ ivsults 
are shown in Fig. 9. 

From Fig. 9, it can be said that though the majority of th<j limpets 
form colonies in the darkest place, but as in sections 5 and 6 in A and 
7 in B, which receive the most light, a few colonies W(n-e formed th<Te. 
So I think that the colony can be formed both in darker and lighter 
places in the loboratory. 
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Table IX. 

Colony formation in the dark room. 


Exp. 

No. 7. (Dec. 16th.) 

No. 8. (Dec. 29th.) 

Temp. 



10 . 




5.9°C-1.8°C 

'\.^^Days after 

Section 

2 

4 

6 

8 

10 

12 

Colony 

13 

15 

17 

10 

Colony 

1 

1 

1 

2 

2 

3 

3 

+3 

3 

3 

2 

3 

+3 

2 

3 

3 

0 

1 

1 

1 

— 

0 

0 

0 

0 

— 

2 

1 

1 

2 

1 

1 

1 

— 1 

1 

1 

0 

0 


4 

1 

2 

4 

4 

4 

4 

+2 

3 

3 

2 

2 

+2 

5 

0 

0 

0 

0 

0 

0 

— 

0 

0 

2 

2 : 

+2 

G 

1 

1 

0 

0 

0 

0 

— 

0 

0 

0 

0 


7 

3 

3 

2 

3 

3 

3 

— 

4 

4 

5 

1 


8 

X 

1 

1 

0 

0 

0 

— 

0 

0 

0 

3 

+ 3 



Fig. 9. Showing the po-itions where the colonies were formed in the glass vessel. 

A . Exp. 1. B Exp. 2. I indicates the direction of light. 

c) General Consideration on the Experiment. 

In Exp. 1 and in Exp. 2, it was shown that the limpets form colonies- 
whether they were collected from home or whether they were collected 
after dispersion. It seems natural to assume that the limpets after once 
dissolving their home would not reform the colony so soon as was shown 
in Exp. 2, but contrary to an expectation the dispersed limpets reformed 
the home. In this connection one may doubt whether the limpets merely 
assembled on the darker side of the vessel by photic reaction and not by 
the impetus of colony formation habit. However we found that the limpets- 
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collected after dissolution of their home reformed the colony in both darken* 
and lighter positions as shown in Table IX and Fig. 9. Thus w<^ can 
at once dispense of the idea that the limpet in <iU(\stion mcnxdy ass(nnbI(Hl 
and it was not the result of home making. Therefore, the instined of colony 
formation may not be immediately extinguished afU'r dispersion, ll is also 
of interest to note that the limpets which formed the c^olony in the labora- 
tory (Exp. 1) not only maintained it till Jan. 3()th, but showc'd heeding 
habit as in the natural habitat. Thus the formation and disi)(n'sion of 
colony are possible under somewhat unnatural environmcmls. 

SUMMARY 

1. Acmaea dorsuosa Gould shows variation as to the time of disi)ersion, 
according to the age of the limpets, younger limpets less than thre^e years 
of age disperse comparatively later than older ones of more than 1 y("ars 
of age. And the dispersion begins from the colony over whic^li waves 
splush more strongly. 

2. The dispersion of the limpets seems to be rclaUvl to the slcnidy 
and continuous fall of atmospheric temperature below in its minimum 
temperature during late autumn season, and the reformation of the colony 
seems to begin during the spring season when the* atmospheric temperature 
rises steadily and continuously till about 13"C (in its maximum temperature) 
or more. 

3. The frequency of vertical distribution of the young limpet less than 
three years of age is almost symmetrical, and in the first three months 
after dispersion, the limit of range is nearly one meter above and below 
the home level, but in the later days, the position of maxima moves mmrly 
60 centimeters below the home level 

4. The frequency of vertical distribution of the older limpc^ls moixj 
than 4 years of age is not symmetrical, and in the first thren^ months after 
dispersion, the limit of range is two meters above and one meter below 
the home level, while in the later days the range changes from 40 cemti- 
meters above to about 160 centimeters below the borne level 

5. On the horizontal dispersion, the maximum distances traversed to 
both direction are about the same, showing about six meters. 

6. In the next spring, the colony of the limpets is formed newly with 
new members added, but one part of them returns exactly to their original 
home of the former year. 

7. The scar of the limpet is marked on the rock within five months, 
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and it is not extinguished in a year, so there are seen double or even 
triple scars. 

8. The formation of a colony is possible under somewhat unnatural 
environments. Since by the fact that the dispersed limpets reformed the 
colony and it follows that the nature of colony formation may not be 
immediately extinguished. 
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ON THE CYTOPLASMIC FRAMEWORK OF THE 
PLASMODIUM, PHYSARUM POLYCEPHALUM. 


By 


A. R. Moore.'" 

Biological Institute, Tohoku Imperial University, and the Laboratory of 
Animal Biology, University of Oregon, Eugene, U. S. A. 
(Received May 9, 1933) 


Studies on the physical structure of cytoplasm have led to two views : 
one, that living matter is an emulsion without any other structural elements 
than those inherent in such a system. This is the opinion held by Heil- 
BRUNN^^ based on his results in viscosity measurements with the centrifuge 
method, and by Chambers"^ relying on his examination of protoplasm 
with the micro-needle. The other view is that the clear substance of the 
protoplasm has a fine permanent structure which resists deformation by 
the centrifuge. Conklin says: “On its morphological side the polar 
organization (of the egg) consists in a relatively persistent framework of 
viscid material which is also elastic and contractile so that it tends to 
resume its normal form when distorted.” The recent studies of Wintre- 
bert'‘^ on the rotation of the eggs of Discoglossus lead him to postulate 
a “ cytosquelette ” or a “ trame resistant ” to account for the persistence 
of form in the egg. Needham®^ discusses the importance of the problem 
and the necessity for its solution. Among the botanists, Seifriz^^^ and 
ScARTM'^ both speak for an elastic structure in the protoplasm of plant 
cells, the latter thinking of such structure in terms of “ brush heap group- 
ing of chains of molecules.” 

Most of the evidence on the subject is from experiments with eggs. 
But there are two disadvantages in an attempt to draw general conclusions 
from a study of living matter in eggs for the reason that they contain a 
large amount, of non-living material as inclusions, and furthermore the egg 
is a very special form of living matter, the end of which is to turn into 
another and totally different type of living thing. There is however a 
possibility of studying the structure of living matter in a stable adult form 

*The author takes pleasure in thanking Dr. EiiZABETH Bradway for help with the 
experiments, and acknowledging a grant in aid from the Research Council of the 
University of Oregont 
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ON THE ROLE OF THE BRAIN AND CEPHALIC NERVES IN 
THE SWIMMING AND RIGHTING MOVEMENTS OF THE 
POLYCLAD WORM, PLANOCERA RETICULATA. 

By 

A. R. Moore. 

Misaki Marine Biological Station, and the Biological Institute, 

Tohoku Imperial University ^ Sendai. 

(With 11 figures) 

(Received June 30, 1933) 

The strong, graceful swimming movements of the polyclads are a striking 
demonstration of a nice coordination which is apparently made possible 
by a nervous system of comparatively simple structure. Decapitation or 
removal of the brain, i. e. the central ganglion, results in immediate 
cessation of swimming movements and indeed of any spontaneous attempts 
at locomotion. This experiment was first performed by Loeb^^^ in his 
study of Thysanozoon. Similar effects were obtained by Olmsted"^ working 
with three California species of polyclads, and by myselP with Yungia 
aurantiaca of Naples Bay. At first thought one might suppose the brain 
of the worm to be the center of spontaneity and coordination, and in fact 
the experiments of Olmsted led him to suggest that this is true. But 
in Yungia I succeeded in proving that such is not the case, and that the 
function of the brain is rather to act as an amplifier of impulses, so that 
only a slight stimulation is needed to call the swimming mechanism 
completely into action. In fact it appears that in Yungia^ even without 
the brain, the body possesses the complete neuromuscular mechanism for 
making coordinated swimming movements. Another way of viewing the 
matter is that the brain of the polyclad maintains a low threshold through- 
out the nervous system. When the brain is cut off the threshold of the 
nervous system is made high and consequently impulses of ordinary strength 
are not effective in causing swimming movements. Herrick**^ has recently 
used this concept to account for certain brain functions in mammals. If 
this view is correct it should be possible to elicit coordinated movements 
in the polyclad worms either by very strong stimulation or by lowering 
the threshold of the nervous system so that weak stimuli would become 
effective. As a matter of fact both methods have proven adequate, for 


^Visiting Professor in Biology on Rockefeller Foundation. 
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I was able to show in Yungia that strong mechanical stimulation of the 
central nerve strands at the anterior end of a decapitated worm produced 
unmistakable swimming movements of the two lateral halves, hurthermore, 
spontaneous swimming through the water was shown l)y decapitated 
specimens when they were immersed in a sea water solution of phenol 
of dilution 1 : 40,000, the phenol in this case serving to reduce^ the threvs- 
hold of the nervous system and also at the same time to provick^ ex(‘italion 
of the neuromotor apparatus. It was found in general that the monovalent 
cations Na and K, also the nerve excitants strychnine and nicotine con- 
ferred on the decapitated worms at least partial spontaneity for coiirdinated . 
swimming movements. The experiments then proved that in Yungia the 
body apart from the brain contains the necessary mechanism for si)on- 
taneous coordinated movements ; the brain affects the system by making 
it more delicately responsive. 

Operative experiments on Yungia were never very satisfactory because 

of the fragility of the 
animal, and it was there- 
fore very gratifying to 
find at Misaki during 
the present summer 
adequate numbers of 
the large poly cl ad 
Planocera reticulatcYK 
This worm has a body 
of well knit, tough 
texture, well adapted 
to operative procedures. 
Moreover, with the aid 
of a pair of: binoculars 
the brain and nerve 
plexuses are readily 
seen in the inverted 
animal. This clear visi- 
bility of the ventral 
nervous system makes 
^ , it possible to observe 

rig. 1. Large scale vieiv of the brain and cephalic • i 

nerves drawn from life. The Roman numbers for the 

main nerves as indicated on the right side are as used tomical results of Ope- 
text. rattons. The brain ap- 
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pears as a yellowish, rectangular body between the right and left dorsal 
tentacles. From it proceed on each side seven large nerves (Fig. 1). 
Peripherally these nerves with many anastomoses run to the margins of 
the animal, so that while the nerves radiate from the brain they also 
form a network which ramifies 
throughout the ventral side of 
the animal (Fig. 2). Nothing 
of the dorsal network could be 
seen hence it is concluded that 
this part of the nervous system 
is structurally very fine. 

As in most animals with a 
creeping habit the polyclad worm 
is provided with dorsal and vent- 
ral flexing musculature. This 
arrangement makes possible the 
swimming movements which, 
consist in successive waves of 
dorsal curling of the lateral 
halves of the animal, each wave 
succeeded by a beat downward, 
i. e. ventralward. The waves 
proceed from head to tail. 

Thus in swimming the muscle 
groups used are the dorsoflexors 
and ventroflexors which are 
thrown into action metachron- 
ously. If now, an active animal 
is decapitated or the brain re- 2- S^ch of the entire nervous sys- 

. . j tern as seen from the ventral side ot a living 

moved, swimming ceases and Non-nervous structures dotted in. 

the body deprived of its brain Semi-diagrammatic. 
remains on the bottom quiescent ; 

the head containing the brain swims about. Frequently it is possible in 
a decapitate preparation to elicit characteristic reflexes by means of gentle 
mechanical stimulation. Thus a touch with the forceps near the margin 
results in an upward curling of the edge for a few millimeters of length. 
If the locus of excitation be moved nearer the center of the body, pro- 
gressively greater longitudinal stretches of the margin are involved in 
dorsoflexure (Fig. 3). A contralateral response as a rule occurs and is 
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more extensive if the point of excita- 
tion be near either end of the pre- 
paration. This response may take 
the form of eithei* dorsoflexiirc or 
ventroflexure. 

In a similar way ventral Hexiirc 
of the margins may be demonstrated 
in an inverted animal by stimulation 
of the ventral surface (Fig. 4). That 
the periphery contains neuromuscular 
apparatus, adequate in itself for exe- 
cuting reflexes is shown by an experi- 
ment in which a longitudincil piece 
approximately 10 mm. wide was cut 
Fig. 3. Two decapitate preparations from the margin of a vcry laige 

(a and b) responding to dorsal stimula- specimen. This picCC responded tO 

tion by pressure with forceps. Arrows mechanical Stimulation of the top 
indicate direction of stimulus which was 

applied at about the point of greatest i ti* i • i ^ 

curling. Cross section c showing the ‘^^ge. If put Ventral sldc up on the 
dorsal reflex for ipsolateral stimulation, bottom it righted itSclf ; by dotsal 

ventral reflex for contralateral. reflex of a little of the margin some 

of the ventral surface is brought 
into contact with the bottom and it 
creeps actively along until the whole 
piece is dorsal side up. These results 
prove that the peripheral nervous 
reticulum contains all the elements 

essential to performing simple reflexes 
Fig 4. Ventral reflex shown by a neither brain nor central 

decapitate preparation receiving pressure 

stimulation in a median ventral locus. trunks are necessary. 

Frequently decapitation results in 
complete ventral curling, the animal rolling up along the long axis, tail in, 
head outside. This evidently means that with the loss of the brain the tonus 
of the dorsal musculature is weakened, and that of the ventral musculature 
is increased and so predominates. Even in cases where the preparation 
flattens itself out on the bottom it may prove refractory and fail to re- 
spond to mechanical stimulation. However, if it be put into a sea water 
solution of phenol dilution 1 : 10,000, almost at once a heightened sensitiv- 
ity becomes apparent : the margins begin slight, active, convulsive move- 
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meiits, and in about three minutes the whole body flattens out and makes 
coordinated creeping and swimming movements. None of these efforts 
are successful in changing the animafs position, a result which is appar- 
ently due to the general action of the phenol, since in the control experi- 
ments in which whole animals were immersed in the phenol solution they 
became very active in making swimming movements without being able 
actually to accomplish locomotion. Thus the decapitate preparation and 
the whole animal behave exactly alike in a solution of phenol. Apparently 
the phenol renders the swimming stroke ineffective by reducing inhibitions 
to ventral bending, so that the tail makes backward pulling movements. 
The important point is that in animals without the brain, the nervous 
system has its sensitivity so heightened by phenol that there is a return 
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Fig. 5. Diagram showing effect of cutting nerve pair vii. The posterior 
sector enclosed by broken lines Is inactive in swimming and assumes an 
arched posture due apparently to the dominating tonus of the ventral mus- 
culature. 

Fig. 6. Same as fig. 5 except that the incision has been carried to the 
right leaving the margins attached by a narrow strip. The paralyzed area 
now involves the entire right side posterior to the incision. The marginal 
brid^ie is^unable to carry the swimming impulses from anterior to posterior. 

Fig. 7. The body posterior to the brain level is isolated except for 
nerve pair vii, yet swimming is unimpaired while righting is interfered with. 

Figs. 8-11 inclusive show incisions severing anterior and lateral cephalic 
nerves but in all cases leaving pair vii intact. As a result of these opera- 
tions righting is impaired but the swimming ihythm of the body is normal. 
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of spontaneous movement which closely resembles the normal. 1 his proves 
that the neuromuscular system without the brain is adequate to carry out 
the complicated movements of swimming provid(^d the threshold is made 
sufficiently low, as it is in this case by phenol. 

Further and detailed proof that in Planocara reticulata the brain 
functions in swimming by sending impulses directly to the; musculature 
over paths which cover a limited area, is furnished by a seri('S of o{)erativc 
experiments. 1) If the two central posterior nerves (vU) are sewered just 
behind the brain, the worm continues to swim l)ut a sector comprizing 
about one quarter of the body is immobilized (Fig. 5). This paralyzed 
part is not merely flaccid but takes an arched position, evidently the 
result of the predominant tonus of the ventral musculature. The swimming 
waves stop at the bounds of this sector. 2) If now the incision be car- 
ried to the right, severing in addition to nerves ini, also right vi and 
posterior branches of v, leaving the right side connected by a marginal 
strip about 5 mm. deep, then when the worm swims all the right half of 
the body posterior to the cut is inactive ; the swimming rhythm is not 
carried by the nerve plexus of the marginal bridge (Fig. 6). These 
results then mean that in conducting impulses for swimming movements 
the more finely reticulated peripheral nervous system is not effective if 
its direct connection with the brain through nerves vii is impaired, a fact 
which may depend upon the rule that in a nervous system containing 
nerve cells the impulse diminishes in effectiveness as it proceeds from the 
point of origin®^. The factor which seems to be the principal one in 
disturbing swimming reflexes when nerves vii are cut is the ventral curva- 
ture and immobility of the posterior part of the animal. It would seem 
then that in addition to carrying impulses for the swimming rhythm to 
this region, pair vii have an inhibitory action on the vcntrollex musculature. 
3) Confirmation of this view is given by a converse experiment in which 
the incisions were made on either side from nerves vii to the margins, 
thus leaving pair vii intact but severing everything else p(!ripheral to 
them (Fig. 7). An animal prepared in this way swims normally with the 
posterior quarter completely relaxed as in the normal. Hence the inhibit- 
ory impulses to the ventroflex musculature of the posterior part pass by 
the vii pair alone. Likewise the metachronism of the lateral halves 
posterior to the level of the brain seems to be completely carried by the 
vii pair. On the other hand, the righting of such a preparation is ac- 
complished only with difficulty. This means that righting movements 
are mediated by nerves anterior to pair vii. 4) If the brain be isolated 
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anteriorly and laterally by cutting the roots of pairs i-vi^ i. e. all except 
the vii, (Fig. 8) then when inverted the animal makes efforts to right 
itself for some time both at head and tail ends, the two regions pulling 
against each other very much as the starfish does when the circumoral 
nerve ring is severed in one place^'-^. This proves that in the normal 
animal the righting impulses entering the brain from the anterior pairs 
of nerves determine the course of the reaction, a part of this function 
being to set up inhibitory impulses from the brain to the parts of the 
body posterior to it. 

In general it may be said that operations severing nerves are without 
effect on the swimming movements of the body posterior to the brain 
level provided pair vii is intact, but the cutting of anterior or lateral 
branches always impairs righting. For example fig. 9 shows an operation 
in which right nerves f, fz, and Hi were severed. In this animal swim- 
ming was unimpaired but righting difficult. The same was true of the 
animal operated as shown in fig. 10, in which the nerve pairs i, it, and 
Hi were cut in an animal which before the operation gave especially 
lively and prompt righting. After the anterior nerves were severed right- 
ing was slow and difficult, head and tail sometimes pulling against each 
other. Similar results were obtained in an animal operated on as in fig. 
11, in which nerve pairs i, ii and vii were left intact, the pairs Hi, iv 
and V with branches of vi being severed. In this animal the righting 
movements were disorganized ; often two parts at opposite sides of the 
animal taking hold of the bottom and pulling against each other. The 
swimming rhythm is perfect but the animal rolls unsteadily as if the 
balancing apparatus were not well adjusted ; if the tail touches bottom 
it attempts to hold fast even when the worm is swimming. 

In conclusion, the experiments show that in Planocera reticulata the 
brain functions as an amplifier of impulses in such a way as to maintain 
the neuromuscular mechanism in a state of delicate sensitivity. With the 
loss of the brain the threshold of reactions is raised throughout the system 
and the body is quiescent except when subjected to strong stimulation, 
or has its sensitivity restored by phenol. In the latter case the decapitated 
worm shows the same spontaneity and makes the same swimming move- 
ments as the normal animal in the same solution. There are seven pairs 
of cephalic nerves, of which the anterior and lateral ones, i. e. the first 
six, are essential to righting and possibly also to balancing in swimming. 
In righting, some of the impulses which reach the brain by these nerves 
are converted into inhibitions for the activity of the posterior half of the 
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body, i. e. in cases where the anterior or lateral cephalic, nerves are severed, 
different parts of the body compete and retard righting. The posterior 
pair vii cephalic nerves are concerned with the swimming rhythm ; if they 
are intact swimming is normal, if one is severed the corresponding pos- 
terior part of the body loses its power of making swimming movements. 
Since the swimming ifnpulses originate at the anterior cnid they may reach 
pair vii either through the brain alone or through the nerve reticulum 
laterally. The nerve reticulum alone is adequate to mediate dorsal and 
ventral reflexes. 

It is a very welcome privilege to express my thanks to Professor 
Yatsu, to Mr. Yosii and to Mr. Eri for their fine hospitality which 
made the days at Misaki a never-to-be-forgotten pleasure. To Mr. Eri 
I am especially indebted for much help in getting speenmens of Planocera, 
for bringing helpful morphological literature to my attention, and for 
generously giving me the use, for purposes of comparison, of his own 
beautiful unpublished drawings of polyclads. 
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Several years ago in a series of experiments with invertebrates I ob- 
tained evidence which pointed to the conclusion that pari passu with 
increasing phylogenetic complexity, the chemical complexity of the nervous 
system increases'^^ This fact is shown in two ways, namely, 1) by in- 
creasing sensitivity of the neurones to chemical excitants, and 2) by an 
increase in the number of neurophil substances which produce excitation. 
Thus, for example, coelenterates are sensitive to atropine at a dilution 
of 1 : 2000 ; starfish to strychnine and atropine 1 : 10,000 and nicotine 
1 : 50,000 ; cephalopods (squid) react to strychnine 1 : 100,000 and to 
nicotine 1 : 1,000,000. In this respect the cephalopods are much like the 
vertebrates. As to the second criterion, the coelenterates give the spasm 
reaction only with atropine, echinoderms with atropine, strychnine and 
nicotine ; oligochaets with atropine, strychnine, picrotoxin, and camphor ; 
polychaets in addition react to caffein, nicotine and phenol ; cephalopods 
are more delicately responsive to the same series. Likewise the mammalian 
cortex is stimulated by all these chemical excitants and in addition by 
creatine“\ 

When the opportunity presented itself to study Coeloplana at the 
Misaki Station it seemed to me that it should be possible to throw some 
light on the question of the position of the nervous system of this form 
in the phylogenetic series, by means of the animabs reactions to the 
neurophil alkaloids. To those not familiar with coeloplana it may be 
well to note that in the larval, free swimming stage it is unquestionably 
a ctenophore, with eight rows of comb plates and two tentacles. In the 
adult stage the comb plates are lost, the tentacles retained ; a distinct 
ventral side develops from a flattening out of the outer half of the larval 
pharynx. This ventral surface has a strong tendency to cling to surfaces 
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and plays the chief part in the positive stereotropism of the animal. Ihe 
aboral side contains at the center the “sense organ’’. The tentacles 
move about freely, showing even when detached, extension, and retraction 
on stimulation. Locomotion is accomplished by muscular movement or 
by ciliary action. 

Now, coeloplana, lying as it does in classific^alion Ix^tween the cteno- 
phores and flatworms possesses extraordinary interest to the student ol 
the phylogenetic development of the nervous system. Histological studies 
by means of methylene blue intm vitam staining indicate a nerve net 
structure extending throughout the body‘’\ Morphological studies then 
suggest a similarity if not identity in type between the coehmterate and 
coeloplana nervous systems. The chief point in this is that there are no 
notable concentrations of nervous tissue in strands and ganglionic masses 
as in the echinoderms and worms, although Abbott‘S supposes there 
may be ganglia about the base of the aboral sense organ. 

In preparing the specimens of coeloplana for th(i experiments the in- 
dividuals were gently removed by means of a pipette from the alcyonarian 
on which they live, and put into glass dishes containing clear filtered sea 
water. The little animals soon spread themselves out on the bottom of 
the dish ; a few extend themselves ventral side up against the surface 
film of the water. These last, since they remain for long intervals prac- 
tically motionless, give an excellent opportunity for observing with the 
binoculars something of the animal’s internal anatomy. At a room tem- 
perature of 20'’“25‘’C. and in shallow layers of water, coeloplana may 
remain in good condition in the laboratory for several days. Low tem- 
peratures, however, are deadly and if put into the ice box (S^'-IO^C.) the 
little animals quickly die. 

If now we proceed to study the reactions of a specimen of coeloplana 
which is extended and attached to the bottom of the dish, we shall find 
that the first response to mechanical stimulation of the margin is retraction 
of the tentacles. This proves that there is nervous connection between 
the retractor muscles and the sensory epithelium of the margin. Next 
the body tissue slowly withdraws from the locus of excitation, moving 
centralward ; the excitation causes contralateral extension. The total effect 
of both reactions is to move the animal away from the point of stimulation. 

Coeloplana rights itself when put dorsal side down on the floor of the 
dish. At first the margins are drawn together ventrally so that the 
animal forms an irregular ball-shaped mass ; then muscular movement 
causes it to tumble about a bit. Eventually the ventral surface of an 
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edge touches bottom and it begins creeping away from the mass. Suc- 
cessively more and more of the ventral surface comes in contact with the 
bottom and attaches so that eventually the entire animal is spread out. 
It requires about 15 minutes for extension to be complete, and the animal 
comes to rest. This observation shows that the ventral surface of coelo- 
plana is positively stereotropic, and diat contact on the dorsal side has 
a kinetic effect causing continuous slow muscular movements. The situation 
is dynamically similar to that in some of the starfish" . 

If we now proceed to test the sensitivity of coeloplana to chemical 
excitants, we shall find them always reactive to strychnine, atropine, 
nicotine and phenol. If a specimen is exposed to a solution of strychnine 
sulphate 1 : 5,000, spasmodic twitchings of the margin begin in about a 
minute and a half. Mechanical stimulation applied just inside the margin 
now causes dorsal flexure, and a contralateral reaction also of dorsal 
flexure, with subsequent movements toward the center of the animal, i. e. 
the net effect of the response to mechanical stimulation is to crowd the 
animal into a ball, by all of the tissues moving centralward. This is an 
' entirely different picture from the one we have seen in the normal in 
which the animal moves away from the point stimulated. The behavior 
of the strychninized animal may then be regarded as a case of reversal 
of normal response. In cases of thorough strychninization of coeloplana 
I have seen opisthotonus of the whole animal, when in response to stimula- 
tion both tentacular ends bent dorsally in spasm. Strychninized animals 
always give up their hold on the bottom and lie knotted and twitching 
— showing primitive but unmistakable strychnine spasms. 

Similar excitatory effects were obtained with atropine sulphate in sea 
water solution 1 : 10,000, with nicotine 1 : 10,000, and with phenol 1: 10,000, 
a series very similar to that for echinoderms and worms. When we con- 
trast this with the reactions of the sea anemone Anthopleura, which shows 
no effect of strychnine even when the crystals are put on the disk, and 
gives only sluggish responses under atropine 1 : 2,000 and nicotine 1 : 2,000, 
it is apparent that the nerve substance of coeloplana is nearer to that 
of echinoderms and worms than it is to that of the coelenterates. This 
fact constitutes an interesting problem. If the nervous system of coelo- 
plana is chemically at a stage of development comparable to that of the 
worms then why should it be so much less effective? The obvious 
difference lies in the fact that the nervous system of coeloplana is struc- 
turally disposed like that of the coelenterates, and shows no morphological 
resemblance to the highly developed arrangement in Planocera^\ An in- 
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teresting if somewhat puzzling corollary to these facts regarding coeloplana 
is that morphological complexity does not go hand in hand with chemical 
differentiation. 

It gives me pleasure to express thanks to Mr. Eri and Mr. Yosn of 
the Misaki Station for much help in securing specimens and materials. 
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1. EINLEITUNG. 

Die Eiweisstoffe sind im Pflanzenorganismus wie im Tierorganismus 
unaufhorlichen Umwandlungen, d. h. dem Abbau und dem Aufbau, unter- 
worfen. Im Tierorganismus werden die Eiweisstoffe und andere stickstoff- 
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haltige Substanzen teilweise in der Form einfacher Endprodukte des Stoff- 
wechsels taglich aus dem Korper ausgeschieden. Dagegen geht in hoheren 
griinen Pflanzen im allgemeinen keine Spur stickstoffhaltiger Substanzen 
verloren, obwohl unlangst Klein und Steiner berichtot haben, dass Ani- 
moniak aus alien Pflanzenorganen, insbesondere aus Blattern und Bliiten, 
entweicht; das kann chemisch nicht festgestcllt wcrdcm, weil cs diirch 
Exhalation verloren geht, 

Der Stickstoff-Stoffwechsel im Pflanzenkr)rper ist deshalb cin sehr in- 
teressantes Problem in der Pflanzenphysiologie. Nachdem neiierdings 
Ruhland und Wetzel gezeigt haben^ dass bei gewissen Pflanzen, den 
sogenannten „ Ammon- ” oder „ Saurepflanzen zwischen dem Stickstoff- 
imd dem Saurestoffwechsel enge Beziehungen bestehen, wurde der Frage 
nach dem Verlauf des Stickstoffumsatzes bei griinen Pflanzen wieder 
wachsende Aufmerksamkeit geschenkt. Nach ihrer Ansicht entgiften die 
organischen Sauren, die sehr wahrscheinlich aus den durch Desaminierung 
entstandenen Kohlenstoffgeriisten hervorgehen, in gewissen Saurepflanzen 
das Ammoniak, ganz wie das nach Ehrlich, Kostytschew und andei'en 
in den Pilzen der Fall ist. Bei vielen anderen Pflanzen, den ,, Amid- 
pflanzen wird das Ammoniak in Form von Asparagin gebunden und 
dadurch entgiftet und reserviert. 

Der Zweek dieser Untersuchungen besteht dai'in, mit der quantitativen 
mikrochemischen Methode diese Frage zu klaren, und zwar das Verhaltnis 
zwischen dem Stickstoff- und dem Saurestoffwechsel im ganzen Korper 
von Begonia Evansiana Andr. 

IL MATERIAL UND ARBEITSMETHODE. 

Als Versuchspflanze diente mir auch hier wie in meiner ersten Mittei- 
lung Begonia Evansiana Anoe., die aus am 20. Okt. 1932 gesammelten 
Bulbillen nach derselben Kulturmethode wie friihcr gezogen wurde, Zur 
Anwendung kam stets frisches Material, da erstens das Trockengewiebt 
der Pflanze Tag und Nacht betrachtlichen Schwankungen unterliegt, weil 
zweitens der Eiweisstoff vom loslichen Stickstoff vollstandig getrennt war- 
den kann, und weil drittens nach Smirnow, Iwanoff unci anderen Autoren 
beim Trocknen des Frischmaterials ein grosser Verlust an praformiertem 
Ammoniak zu befiirchten ist und weiter andere Umsetzungen unkontrollier- 
bar vor sich gehen. 

Zur Bestirbmung sOwOhl dOs Satijregehalts als auch der Stickstoffitienge 
in ein Und demselbeh ein^alnen Pflaiizenteile Wurde die Mikroniethode 
verwendeti 
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Geringsten Mengen des Untersuchungsmaterials, Schnelligkeit der 
Arbeit, Billigkeit und Sauberkeit, die die Apparatur gewahrleistet, sind 
die wesentlichen Vorteile dieser Mikromethode. Es wurden im allgemeinen 
folgende seeks Stickstoffraktionen experimentell oder durch Rechnung 
quantitativ ermittelt: 1. Gesamt-Sticksloff, 2. Eiweiss-Stickstoff, 3. ge- 
samter Ibslicher Stickstoff, 4. Ammon-Stickstoff, 5. Amid-Stickstoff mid 
6. Amino-Stickstoff. 


A. Stickstoffbestimmung. 

1. Bestimmung des Gesamt-Stickstoffs. 

Zur Bestimmung der N-Fraktionen 1-3 bediente ich mich der von F. 
Pregl eingehend beschriebenen Mikro-KjELDAHL-Methode. Das stickstojpf- 
haltige Untersuchungsmaterial, dessen Zubereitung unten nocli naher be- 
schrieben werden wird, wqrde im gewbhnlichen langhalsigen Kjeldahl- 
Kcilbchen (15 cem Inhalt), unter Zusatz einer Messerspitzevoll eines vor- 
ratig gehaltenen Gemisches von einem Teil Kaliumsulfat imd drei Teilen 
Kupfersulfat als Katalysator, durch 2 cem konzentrierter Schwefelsaure 
(Sp. Gew. 1.84 ,,zur Analyse’’ von Kahlbaum) zersetzt und ausserdem 
zur Vermeidung des Stossens oder hef tiger Aufwallung infolge Siedver- 
zdgerung, in je ein Kdlbchen ein Glaskiigelchen von etwa 1/20 cem Volum 
getan und auf ein Zersetzungsgestell gebracht. Um grosse Verbrennungs- 
reihen gleichzeitig oder nacheinander durchfiihren zu konnen, verwendete 
ich dabei ein Glasgestell, welches seitlich mit sechs Ansatzen versehen 
war ; damit war zugleich Sauberkeit und Abzug der Dampfe ermbglicht. 
Friiher verwandten mehrere Autoren Glasrohre mit grossem Durchmesser 
als Verbrennungsapparat, um die bei der Veraschung der organischen 
Substanz frei werdenden Dampfe darin aufzufangen und mittels der Wasser- 
strahlpumpe abzusaugen. Damit ist dieser Zweek ausgezeichnet erfiillt 
Worden. Andererseits ist aber ein neuer Fehler hinzugekommen, der 
noch starker als bei den Versuchen unter dem Abzug zutage tritt, denn 
weil die durch die Wasserstrahlpumpe in das Glasrohr gesaugte Luft der 
Laboratoriumsatmosphare mehr oder weniger Ammoniak enthalten kann, 
so muss zunachst das in der durch die Wassersti'ahlpumpe aufgesaugten 
Luft enthaltene Ammoniak vor dem Durchstrbmen in den Verbrennungs- 
apparat beseitigt werden. Aus diesem Grunde verfuhr ich, wie folgt; 
Die Luft wurde zuerst durch ein 16 cm langes, mit Baumwolle gefiilltes 
Glasrohr von 2 cm Weite und dann durch eine spezielle, mit konzentrierter 
Schwefelsaure gefiillte Gaswaschflasche durchgeleitet, um dadurch NHg- 
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freie Luft mit beinahe konstanter Stromgescbwindigkeit durch das Ver- 
brennungssammelrohr treiben zu konnen. Die Gaswasehflaschc ist so 
hergestellt, dass der Luftstrom in recht feine Blascben zcrteilt wird und 
dabei alle Luftteilchen mit der Scbwefelsaurc in Beriihrung konimcn. 
Die dadurch ammoniakfrei geraachte Luft stoncht nun an alien scitlielien 
Ansatzen vorbei, bevor sie am anderen Ende dcs Verbrennungsrohrs winder 
austritt und in das Riickscblagsventil miindet, indem sic den grdssten 
Teil des bei der Verbrennung des Materials zuerst abgebcnden Wasser- 
dampfs niederscblagt und spater der grdsstc Teil der sauren, bei der 
Aufsebliessung der organiseben Substanz entwickelten Diimpfe zuriickge- 
halten wird. Das Verbrennungsrohr besteht aus einem Glasrohr von 4 cm 
Durchmesser, an das seeks kurze Robrstiicke, die alle erst .schrag nach 
oben gerichtet und dann in einem winkel von 90° nach unten gebogen 
sind, angeschmolzen sind. Das Verbrennungskdlbcben ist an das Ver- 
brennungsrohr mit dem Gummistiick gasdicht angescblosscn. Der Kiilb- 
chenboden ruht auf einem Stahldrahtnetz, untcr sich sechs Mikrobrenner 
befinden. Diese Anordnung gewahrleistet ein rasebes, gleichmiissiges Er- 
hitzen des Kdlbchens und vermeidet die Gefahr eines Rissos, mit der sonst 
bei direktem Erhitzen des am Ende der Verbrennung nur schr wenig 
Fliissigkeit enthaltenden Kdlbchens in hohem Masse zu rcchncn ist. Inner- 
halb sehr kurzer Zeit tritt Verkohlung ein und bald darauf cine ziemlich 
Starke Entfarbung der Fliissigkeit (etwa nach 15 Minuten). Zur Bcschleuni- 
gung der weiteren Verbrennung ist hier, anstatt reinsten Perhydrols, 
reinste Uberchlorsaure (Sp. Gew. 1.20, etwa, 30 '^ „z-ur Analyse” von 
Kahlbaum) verwandt worden, indem man 2—3 Tropfon der noch heissen 
Fliissigkeit vorsichtig zusetzte. Die Zersetzung wird durch weitere Erhit- 
zung (etwa 2 Minuten) zu Ende gefiihrt. Wenn das Untersuchungsmalerial 
keine grdssere Menge von Nitraten enthalt, kann man einfach den Gesamt- 
Stickstoff in Form schwefelsauren Ammonium wi(‘der linden. Nach vor- 
heriger Verdiinnung mit 2 cem Wasser wird das Ammoniak durch Zusatz 
von 15 cem 309^iger Natronlauge, die iiberdies Natriumthiosulfat 
enthalt, iiberdestilliert und in Salzsaure aufgefangon Das Kiihlrohr war 
aus Silber verfertigt und hat sich vor allem wegen der leichten Kiihlung, 
der Unzerbrechlichkeit und auch des relativ niedrigen Preiscs an Stclle dcs 
Kiihlers ' aus Quarz gut bewahrt. Zum Auffangen des uberdestillierten 
Ammoniak in Salzsaure diente ein 100 cem Inhalt fassendes Kcilbchen aus 
PYREX-Glass, das vorher gut durchgedampft worden war. Als Titrier- 
fliissigkeit dienten je n/100 Salzsaure und Natronlauge, denen, um den 
Vergleich der umgeschlagenen Farbe 'der Fliissigkeit mit der der typisch 
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basischen oder sauren zu erleichtern, bereits eine bestimmte Menge Indi- 
katorsiibstanz zugesetzt war. Als Indikator wurde Methylrot verwendet. 
Der Umschlag von rot zu kanariengelb kann nacli einiger Ubung hin- 
reichend scharf erkannt warden. Bei Beriicksichtigung aller obiger Um- 
stande kann man mit einer Genauigkeit von 0.01 ccm n/100 der Lbsimg 
rechnen. 

Auf diese Weise erhielt icli die Wert fiir den Eiweiss- und den loslichen 
Stickstoff, deren Summe den Gesamt-Stickstoff ergeben muss ; in einigen 
Fallen wurde die Menge des letzten nach der KJELDAHL-Bestimmung an 
frischem Material waiter direkt als solcber ermittelt. Bei der Angabe 
des Gesamt-Stickstoffs ist der Nitrat-Stickstoff ausgenommen. 

2. Bestimmung des Eiweiss- Stickstoff s. 

Das Material wurde mit einem sauberen Schreibpinsel von Staub 
saubert, mit einem scharf en Messer zerschnitten und in einem Wageglaschen 
ganz genau gewogen. Dann wurde es unter Zusatz einiger Tropfen reinsten 
Toluols im Mbrser mbglichst fein zerrieben, sodass fast alle Zellen gebffnet 
warden. Als Fallungsreagens der Proteinsubstanz dienten mir, wie Engel 
das schon empfohlen hat, 3-5 ccm heisser l^iger Tanninlosung, der 
0.l9^ige Schwefelsaure beigegeben war. Das Gemisch blieb etwa 1 Stunde 
im Morser ; dann wurde durch ein mbglichst kleines, N-freies, quantitatives 
Filter filtriert. Der eiweisshaltige Riickstand wurde mit destilliertem 
Wasser mehrmals ausgewaschen und dann gelinde ausgepresst. Filtriert 
wurde er in ein 15 ccm Messrbhrchen. Der Filterriickstand samt dem 
Filtrierpapier wurde nun nach Kjfeldahl bestimmt. Die Benutziing eines 
mciglichst kleinen Filters war notwendig, um den Abschluss nicht unnbtig 
zu verzcigern. Ich verwendete den 3|- cm-Filter von Schleicher und 
ScHULL. Sowohl in konzentrierter Schwefelsaure als auch im Filter erwies 
sich jedoch die Menge des gebundenen Stickstoffs messbar. Die Analyse- 
ergebnisse mussten dementsprechend korrigiert warden. 

5. Bestimmung des loslichen Stickstoffs. 

Das Filtrat aus niedergeschlagenen Eiweisstoifen wurde bis zur Mark 
(15 ccm) des Messrbhrchens aufgefiillt. 5 ccm dieser Lbsung wurde ins 
KJELDAHLkblbchen getan und wie bei der Bestimmung des Gesamt-Stick- 
stoffs welter verarbeitet. 
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4, Bestimmung des Ammon-Stickstoffs, 

Zur quantitativen Bestimmung wurde mnachst das Ammoniak in der 
Restflussigkeit des Filtrats, wie Engel empfolilcn hat, im CLAisKNkiilbchcn 
(etwa 50 ccm Inhalt), welches zwei kiigeligc Erwcilerungen mit einges(‘h- 
molzenen Tropfenfiingen hat, unter vermindcrtem l)ru(‘k iiberd(\stillicrt ; 
und zwar ist der Analysenvorgang, wie folgt: 10 ccm des hdweissfiltrats 
wurden in das CLAiSENsche Destillationskolb(‘hen pippetieri und dieses 
Kolbchen mit dem Kiihler verbunden! 10 ccm Kalkwasser, das kein festes 
Calciumoxyd enthielt, geniigten meistens, das Filtrat alkalisch zu machen. 
Aber wegen der stark sauren Reaktion des Filtrats von Begonia benutzte 
ich davon oftmals 15 ccm. Als Vorlage dientc mir einc 30 ccm fasscnde 
Saugflasche aus hartem Glas, die mit 10 ccm n/100 Salzsaure bcscihickt 
war. Um das Ammoniak der Luft zu beseitigen, wurde die dur(‘h die 
Kapillare in das CLAiSENldilbchen eintretende Luft vorher durch eine 
Gaswaschflasche mit konzentriei'ter Schwefelsaure gelcitet. Das Destilla- 
tionskolbchen tauchte in ein glasernes Wasscrbad, das auf SCfC erwarmt 
wurde. Wegen der Durchsichtigkeit des glasernen Wasserbades ist es 
ratsam, das Erhitzen des Destillationskdlbchens, satt im gewtihnlichen 
Wasserbade, in jenem vorzunehmen. 

Es wurde vorsichtig evakuiert, bis lebhaftes Sieden einsetzle. Der 
Druck betrug 30-35 mm, die Siedetemperatur SO-SS^C. Nachdem etwa 
2/3 der Fliissigkeit iiberdestilliert waren, was ungefahr 10-15 Minuten 
in Anspruch nahm, endete die Destination stets. Die das iiberdestillierte 
Ammoniak auffangende Salzsaure wurde in iibliclier Weise mit n/100 
Natronlauge titriert. 

5. Bestimmung des Amid'^Stickstoffs {MikroBACJISSE)- 

H. Engel gelang es, in ein und derselben Ldsungsmenge den Ammon- 
als auch den Amid-Stickstoff zu bestimmen. Die IVlifung nach seiner 
Methode brachte ganz befriedigende Ergebnisse, wie aus Tal)elle 1 zu 
entnehraen ist. 


Tabelle 1. 


. Nr. 

Gemisch von 

Gewicht jedes 
Bestandteils des 
Gemisches.(mg) 

Berec^hueter 

StickstofL 

mg 

Gtdmideiier 

Siickitoff. 

mg 

ProEent 

1 

Ammonsulfat u. 

4.408 

0.934(4) "1 

’ '6 last (6) 

09.64 


Asparagin. 

2.487 

0.527r4) i 

0.525(0) 

99.54 

2 

Aminonsulfat u. 

3.133 

0.669(9) 

0.659(^ 

l9792"“'"^ 


Asparagin. 

1.S07 

0.883(0) 

0.380(8) ' 

99.43 

a 

Ammonsulfat u. 

I 4.070 

0.864(7) 

0.861(0) 

T9T67 


Asparagin. 

1 5.143 

1.090(8) 

1.078(0) 

98.82 
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Deshalb verfuhr ich in der Bestimmung des Amid-Stickstoffs folgen- 
dermassen: Der im Destillationskblbchen verbliebene Riickstand, der 
etwa 1/3 des ziir Ammon-Stickstoffbestimmung beniitzten Eiweissfiltrats 
entsprach, wurde nach Zusatz eines kleinen Bimssteinstiickchens meistens 
mit 1 ccm konzentrierter Schwefelsaure angesauert. Dem Hals des Destil- 
lationskblbchens wurde ein Riickflusskiihler aufgesetzt, mid das seitliclie 
Rohr war als Verscliluss mit einem Quetschhahn versehen. 

Nach 2^ stiindigem lebhaftem Sieden auf dem Drahtnetz wurde die 
‘ Hydrolyse der Amide fiir beendet angesehen. Die Hauptsauremenge 
wurde mit SO^iger Natronlauge neutralisiert und mit Magenesiumoxyd 
endgiiltig alkalisiert. Der weitere Gang der Bestimmung war derselbe 
wie beim Ammon-Stickstoff. Die im Pflanzenreich bisher gefundenen 
Amide, Asparagin und Glutamin usw., wiesen ausser der an Carboxyl 
gebundenen NHa-Gruppe noch eine Amino-Gruppe auf, die bei der Hydrolyse 
nicht abgespaltet wird. Fiir die Berechnung des Amid-Stickstoffs wurde 
die gefundene N~Menge verdoppelt, um den Stickstoffgehalt des Amid- 
molekiils auszudriicken. 

6. Bestimmung des u-Amino-Stickstoffs {Rest-Stickstoff), 

Der a-Aminostickstoff wurde quantitativ einfach aus der Rechnung 
ermittelt, indem die Summe der Ammon- und der Amidfraktionen von 
der Gesamtmenge des Idslichen Stickstoffs abgezogen wurde ; denn wie 
Mothes schon durch direkte Analyse des „ Reststickstoffs fand und wie 
auch aus Versuchen von Engel hervorging, besteht dieser Teil der loslichen 
Fraktion fast nur aus «-Aminosauren. 

B. Bestimmung der Oxalsaure in f|*eier und gebundener Form. 

Zu diesem Zweck wurden dieselben Methoden angewandt, die sich in 
meiner vorigen Untersuchung als zuverlassig erwiesen hatten. Friiher 
wog ich das Untersuchungsmaterial direkt auf dem Platin- oder Kupfer- 
schalchen ; diesmal wurde es zur moglichsten Vermeidupg von Wasser- 
verlust aus den Schnittflachen im Wageglaschen gewogen, dann auf das 
Schalchen mit einer feinen Pinzette getan, und schliesslich wurde wie 
vorher verfahren. 


m. VEftSUCHS]ERG„EB]^ISSE. 

A. Tagesschwankungep des §apregehalts in den Blattqrn. 
Ullrich untersuchte die Tages^chwwkungen des Sauregeha|ts von 
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AfieTnofie neTnoTOsa, Rubus idacus, Begonia senfipeTflovens, Lactuca saliva 
und Lactuca virosa und schloss aus dem .Sauregehalt im Verlialtnis zum 
Trockeiigewicht, dass die Oxalsgure in den Blattflachen von Lactuca virosa 
und L. sativa nur ganz geringen Schwankungen unterlicgt, da der Gehalt 
nach dem Morgen nur ganz wenig ansteigt. 

Nach Ruhland und Wetzel vermelirt sich frcic Oxalsaure im allge- 
meinen in den Blattern von Begonia semperflorens vom Abend bis zum 
Morgen, und zwar so, dass niedrige Temperatur einen grclsscren Saure- 
anstieg zulasst als hohe Temperatur und dass sich bei jungen Blattern 
die freie Oxalsaure starker vermehrt als bei alten. 

Nach Bendrat treten bei Sempervivum glaucum auch ausgesprochene 
Tagesschwankungen auf. Ihre Starke hangt vom Entwicklungszustand 
der Organe ab. Bei alten und mittelalten Blattern nimmt die Saure liber 
Nacht zu, bei jungen Blattern geht der Sauregehalt entweder zuriick oder 
bleibt konstant. Unter den anderen untersuchten Blattsukkulenten stieg 
der Saurespiegel bei Bryophyllum calycinu7ri, Epidendrum ciliare und 
Vanilla planifolia ebenfalls iiber Nacht an, wahrend er bei Mesembrian- 
themum cordifolium unter den gleichen ausseren Bedingungen sank. 

Vor kurzem studierte Schwarze den Saurestoffwechscl nichtsukkulenter 
Pflanzen und zeigte, dass bei Nicotiana Tabacum die Saure unter natiir- 
lichen Verhaltnissen nachts zunahm und am Tage der Saurespiegel zuriick- 
ging. Bei Oxalis Deppei verhielt er sich insofern grundsatzlich anders, 
als sie nachts absauert, und zwar in hohem Masse unabhangig von ausseren 
Verhaltnissen. 

Urn die Tagesschwankungen des Sauregehalts in der Blattspreite zu 
bestimmen, fiihrte ich Analysen von Blattern der Begonia (Nr, 52), die 
81 Tage lang geziichtet worden war, aus. Wegen der asymmctris<*hen 
Ausbildung der JSegoma-Blatter konnten wir sie 
nicht dem Mittelnerven entlang in zwei glciche 
Teilen teilen, wie das bei der physiologischen 
Untersuchung sonst iiblich ist. Deshalb tcillc ich 
die Blatter quer durch, wie in Fig. 1 angedeutet 
ist. Die Blatthalfte fiir die Saurebestimmung am 
Tage wurde um 12-13 Uhr und die fiir die in der 
Nacht um 18-19 Uhr abgenommen und jedesmal 
sofort verarbeitet. Der Sonnenaufgang dieses Tages 
war um 5 Uhr 46 Minuten und der Sonnenunter- 
gang um 16 Uhr 53 Minuten. Die Ergebnisse sind 
F'ig* 1. in Tabelle 2 zusammengestellt 
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Tabelle 2. 

Tagesschwankimgen des Sauregehalts in der Blattspreite von 
Begonia Evansiana Andr. Nr. 52. Sltagige 
Ziichtung im Gewachshaus. 


Pflanzenteil 

Fnschgewicht 
d. Materials, 
mg 

Oxalsaure 

mg 

Prozent 

mg Oxalsaure 
in 1000 g 
Frlschgewicht 

Bemerkung 

3. Blattspreite 

275.297 

2.346 

0.85 

8521.7 


2. 

348.586 

2.719 

0.78 

7800.0 

Tagesbestim- 

3. 

259 . 155 

1.916 

0.73 

7393.2 

mung 

4. 

85.717 

0.651 

0.75 

7594.7 


1. 

367.933 

3.239 

0.88 

8803.1 


II 

409.522 

3.379 

0.82 

8251.0 

Nachtbestim- 

3. 

355.980 

2.918 

0.81 

8197.0 

mung 

4. 

129.398 

1.023 

0.79 

7905.8 



Fig. 2 gibt obige Befimde kurvenmassig wieder. Aus der Tabelle 
und Figur kann man ersehen, dass der Sauregehalt in ganz jungen Blatt- 
spreiten geringer als in massig gewachsenen ist und dass sich allgemein 



Fig. 2. Tagesschwankungen des Saurgebalts in der Blatt- 
spreite von Begonia Evansiana Andr. A: Nr. 52; B: Nr. 55. 
Sltagige Zachtung im Gewachshaus. 

— Nachtwerte Tageswerte 


eine Tendenz zur Abnahme des Sauregebalts in der Reihenfolge der 
Knoten von der Basis nach der Spitze wahrnehmen lasst und in alien 
Blattspreiten die Saure iiber Nacht zunimmt. Der Sauregehalt dieses 
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Individuums erwies sich im Vergleich mit dem des vorjalirigen als ziemlicli 
grosser. 

Die niedrige Temperatur wahrend der Kulturzeit kann daran Schuld 
sein, da diese Versuchspifianze leider aiis ganz ausseren Griindcn zu spat 
in Wasserkultur gesetzt wurdc. Es sei noch bemerkt, dass die Blattzahl 
bei diesem kleiner als beim vorjahrigen Individuum war iind die Blatt- 
spreite des jiingsten Blatts in den Bulbillen verandcrt war. Deshalb kann 
man nicht sagen, dass dieses Individuum sich normal eniwickclt halle. 

Weiter gebe ich bier die Ergebnisse der Analyse bei einem anderen 
Individuum (Nr. 55) wieder, das auch 81 Tage in Kultur gewescn war. 
Die Blatthalfte zur Saurebestimmung am Tage wurde um 13““14 Uhr und 
die fiir die in der Nacht um 19-20 Uhr gewogcn. Die Ergebnisse sind 
ahnlich wie die beim vorigen Individuum (Nr. 52) ausgcfallen. (Tabelle 
3 u. Fig. 2). Die Saurezunahme in der Nacht gegcaiiibcr der am Tage 

Tabelle 3. 

Tagesschwankungen des Sauregehalts in der Blattspreite von 
Begonia Evansiana Andr. Nr. 55. Sltagige 
Ziichtung im Gewachshaus. 


Pflanzenteil 

Frischgewicht 
d. Materials 
mg 

Oxalsaure 

mg 

Prozcnt 

mg Oxalsaun* 
in 1000 g 
F’rischgewicht 

Bem(‘rkung 

1. Blattspreite 

282.586 

2.430 

0.85 

8599.1 


2. »> 

365.556 

2.679 

0.7.‘i 

7328.5 

Tagesbestim* 

3. 

373.262 

2.379 

O.CO 

6373.5 

mung 

4. 

240.601) 

1.754 

0.72 

7292.8 


I. 

229.608 

2.112 

0.01 

9198.2 


2, 

359.933 

oo 

0.78 

7843.1 

Nachtlx^stira- 

3. 

313.156 

2.256 

0.72 

7204.0 

mung 

4. 

235.071 

1.954 

0.8.2 

8312.3 



ist bei den unteren, alteren Blattern geringar als bei den ol)eren, jiingc- 
ren, obwohl diese Neigung auch beim obigen Individuum wahrzunehmcn 
war. 


B. N'Stoffwechsel in den Bulbillen und Knollen. 

E, ScPTOE fand, dass die unterirdisehen Keservestoffbehalter einen 
sihr ansebilicben Tail ihras Stickstoffs ak Ipsliche Verbindungen aut 
Neutrdings Bvhlahp und 4m in dem 




DIE BILDUNG ORGANISCBER SAUREN. II. 


215 


Rhizom von Rheum hybridum hort etwa zwei Drittel des Gesamt-Stick- 
stoffs als loslicher Stickstoff und ein Drittel als Eiweiss-Stickstoff vorhanden 
ist. Von dem loslichen Stickstoff lasst sich nur wenig Ammoniak nach- 
weisen. An einer grossen Zahl unterirdisclier Reservestoffbelialter unter- 
suchte Gruntuch vor allem den N-Stoffwechsel der Kartoffelknollen im 
Verlaufe ihrer Vegetation und kam dabei zum Schluss, dass bei Kartoffel- 
knollen der Ibsliclie Stickstoff den Hauptteil des Gesamt-Stickstoffs darstellt 
und dass der Amid-Stickstoff beim N-Stoffwecbsel des obigen Organs 
scbeinbar eine bedeutende Rolle spielt. 

Ganz kiirzlich studierte Rahn mit seiner „ Rohfaser-Methode ” den 
N-Stoffweclisel der vegetabilischeh Speicherorgane von Allium Cepa, Oxalis 
Deppei und Asparagus officinalis und stellte dabei fest, dass Saurepflanzen 
[Oxalis Deppei) vor clem Auskeimen einen hohen Gehalt an Aminosaure 
aufweisen, in Amidpflanzen [Allium Cepa, Asparagus officinalis) dagegen 
zu diesel* Zeit Amide in ebenso grosser Menge wie Aminos'aure auftreten. 
Ich gehe jetzt zu meinen eigenen Versuchen iiber. 

Meine Analysen wurden an Bulbillen und Knollen von Begonia durch- 
gefiihrt; die ersten sammelte ich am 20. Okt. 1932 und hielt sie im Eis- 
schrank, wahrend die letzten vom freien Felde gesammelt wurden. Fiir 
die Analysen wurden, mit Ausnahme ganz weniger Falle, wenigstens fiinf 
oder seeks Individuum genommen. 

Die Analysenergebnisse sind in Tabelle 4 zusammengestellt. 

Aus diesen Ergebnissen kann man schliessen, dass bei den Knollen 
und Bulbillen der Gehalt an loslichem Stickstoff, im Gegensatz zu anderen 
Organen, viel grosser als der an Eiweiss-Stickstoff ist und etwa 2/3 des 
Gesamt-Stickstoffs ausmacht. Meine Ergebnisse stimmen mit denen Schulzes 
gut iiberein und kbnnen als allgemeines Kennzeichen fiir unterirdische 
Reservestoffbehalter gelten. Nach meinen Ergebnissen kann dies auch auf 
die oberirdischen Bulbillen von Begonia ausgedehnt werden. Asparagin 
bzw. Glutamin, welches wir hier als „ Amid-N ’’ anfiihren, spielt bei Bul- 
billen von Begonia scheinbar eine bedeutende Rolle. Der Beginn des 
Sprossens der Knospe aus den Knollen ist, im Gegensatz zu den Bulbillen, 
dadurch gekennzeichnet, dass hier die Aminosauren eine durchaus be^ 
herrschende Form des loslichen Stickstoffs darstellen (etwa 2/3 des loslichen 
Stickstoffs) und die Amide stark zuriicktreten, sodass bei ihnen der pro- 
zentige Gehalt an Amino- und Amid-Stickstoff grade im umgekehrten 
Verhaltnis steht. Der Ammon-Stickstoff ist bei Knollen wie Bulbillen, 
im Gegensatz zu anderen Organen von Begonia, ganz gering. 
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Tabelle 4. 

Der Stickstoffgehalt der Bulbillen und Knollen von 
Begonia Evansiana Andu. 


Pflanzenteil 

Bulbillum 

J 

Bulbillum 

K 

Bulbillum 

L 

Knollen 

1 

KnolU.n 

Knolbm 

Frischgewicht des 
Materials mg 

135.279 

i 55.881 

79.140 

166.7;!2 

204.099 

- - 

119.332 

Gesamt-N mg 

0.6160 

0.;5860 

0.6258 

0.6862 

! 

0.6160 

0.4470 

Gesamt-N in % d. 
Frischgewichtes 

0.45 

0.68 

0.79 

0,35 

0.30 

0.37 


Eiweiss-N 

> 29.09 

1 36.73 

32.23 

39.24 

38,63 

37.98 

T32 

Losl.-N 

70.90 

63.27 

67.78 

60.76 

61.37 

62.02 

^ \ a 

Ammon-N 

i 1,71 

7.09 

4.. 36 

3.23 

3.4:0 

2.35 

OJ 

ZO 

Amid-N 

53.18 

39.^7 

44.69 

12.20 

17.0-( 

14.0!) 

Amino-N 

16.03 

16.90 

18.82 

45.63 

40.90 

45.67 

nd 

\Q ^ 

l&\ 

Ammon-N 

2.40 

11.21 

6.44 

5.32 

6.66 

3.79 

Amid-N 

75.00 

62.07 

65.79 

20.08 

27.78 

22.73 

•-2 

z 

Amino-N 

22.59 

36.72 

27.77 

74.61 

66.67 

73.48 

tuD , 

Gesamt-N 

4553.5 

6889.6 

7907.5 

3509.8 

3019.5 

3746.8 

JT 4J 
0,£3 

Eiweiss-N 

1324.7 

2530.4 

2547.4 

1377.0 

1166.6 

1422.9 

S g: 

Losl.-N 

3228.8 

4359.2 

5360.1. 1 

2X32.8 

1862.9 

2322.9 

S3 bD 

Ammon-N 

77.6 

488.5 

344.9 

113.4 

102.9 

88.0 

12; w 








|i£ 

Amid-N 

2421.6 

2705.7 

3526.7 

428.2 

614.7 

527.9 

S 

Amino-N 

729.6 

1105.0 

1488.5 

1691.2 

1235.3 

1707.0 


Dor Zustund der Knollen: 


Bemerkung 


Der Zustand der Bulbillen: 
Lange 5-7 mm 

Brcite 3-4 mm 

Knospe 1-1,6 mm 

Wurzel 0.6-1 mm 

Sie wurden am 19. April und 
am 25. April analysiert. 


Nr. 

1 

Z 

.3 

Knospe 

10 n\m 

8 mm 

5 mm 

Wurzel 

2 3 ntm 

3 3 mm 

2 l\ mm 

( Jewicht 

ca. Z u 

ca. 1 g 

ca. Ig 

Breiitt 

SO txim 

10 mm 

to mm 

Hobo 

15 mm 

8 mm 

8 mm 


Sie wurdcn am 6. Mai analy- 
si(‘rt. 


C. Tagesschwankungen des N-Stoffwechsels in den Blattern. 

Uber den Nacht-N-Stoffwechsel der Blatter liegen bisher nur wenig 
und einander oft widersprechende Ergebnisse vor. Suzuki untersuchte 
die nachts erfolgende Auswanderung einzelner Fraktionen N-haltiger Sub- 
stanzen, die das Frischgewicht der Blatter betrafen. Er kam dabei zum 
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Scbluss, dass nachts sowohl das Gesamt-Stickstoff als auch das Eiweiss- 
Stickstoff und das Asparagin-N eine Verminderung erfahren. Schnitt er 
die Blatter am Abend ab und Hess sie in feuchter Atmosphare 20-48 
Stunden im Dunkeln liegen, so beobachtete er starken Eiweissabbau und 
bedeutende Vermehimng der Amide und auch der Aminosauren. Kosutany 
beobachtete an Vitis npana-Blattern betr. ihres Trockengewichts relative 
Zunahme des Gesamt- und Eiweiss-Stickstoffs und auch des Ammoniaks, 
volliges Verschwinden des Asparagins und Abnahme des loslichen Stick- 
stoffs wahrend der Nacht. Absolute Mengen lassen sich, weil Angaben 
uber die benutzten Blattflachen fehlen, nicht errechnen. 

Durch die Untersuchung der nachts erfolgenden Auswanderung von 
Stickstoff aus Blattern hat Chibnall anderseits festgestellt, dass die Be- 
ziehung der gefundenen Stickstoffwerte auf das Trockengewicht immer 
zu falschen Ergebnissen fiihren muss, da die Auswanderung N-haltiger und 
N-freier Stoffe in sehr verschiedenem Masse vor sich geht. Er ist der 
Ansicht, dass eine Beziehung auf das Frischgewicht vielleicht bei weiteni 
richtigeren Ergebnissen fiihren wiirde. Von diesem Gesichtspunkt aus 
stellte er die Nacht- Abnahme des Gesamt- und des Eiweiss-Stickstoffs fest. 

Ruhland und Wetzel zeigten auf Grund ihrer Untersuchungen der 
Tagesschwankungen des N-Stoffwechsels von Begonia semperflorens, dass 
wahrend der Nacht grdssere Mengen von Aminosauren aus den alten 
Blattern in die jungen Blatter abgeleitet werden. Der NH^-Gehalt sinkt 
nachts in den alten ebenso wie in den jungen Blattern. Ammoniak wird 
allerdings in jungen Blattern zur Eiweissynthese verwendet oder in gewissen 
Fallen in Amide iibergefiihrt. 

Mothes untersuchte vor kurzem den N-Stoffwechsel hoherer Pflanzen 
und kam dabei zum Schluss, dass, mit Ausnahme des Ammoniaks, alle 
Stickstoff-Fraktionen in den ausgewachsenen Blattern abnehmen. Unbe- 
deutend ist die Abnahme des Eiweiss-Stickstoffs, bedeutend die des Amid- 
Stickstoffs. In den Einzelversuchen fand er grosse Schwankungen beim 
Rest-Stickstoff, wahrend diese Veranderungen bei den nicht ausgewachsenen 
Blattern gar nicht oder nur in geringem Masse wahrzunehmen waren. 
Bei den abgeschnittenen Blattern nimmt der Eiweiss- und Ammon- 
Stickstoff morgens an Menge ab. Der Idsliche Stickstoff nimmt zu, doch 
dabei der Amid-Stickstoff meHr als der Rest-Stickstoff. Ob diese Steigerung 
des Amid-Stickstoffs auf das Verschwinden des Ammon-Stickstoffs und 
zum Teil auf den hydrolytischen Abbau des Eiweisses zuriickzufiihren ist, 
oder ob er einem sekundaren Vorgang seine Entstehung verdankt, ist 
schwer zu ehtscheiden. ' ‘ . . . 
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Gouwentak studierte unlangst den N*Stoffwechsel von Helianthus 
annuus L. Dabei wurde die Blatthalftenmetliode von Sachs bcniitzt. Es 
ergab sicb folgendes : Im Gegensatz zu den Untersudiiingen anderer 
Autoren iiberwiegt wahrend der Nacht bald die Eiwelsspaltiing, bald der 
Eiweissaufbau. Es konnte noch nicht ennittelt wcrdciii, v^ovon das tJber 
wiegen des Eiweissaufbaus oder des Eiweissabbaus abhangt. 

Ganz kiirziich hat Sattler durch Untersuchungen des Stolfwcchsels 
immergriiner Pflanzen nachgewicsen, dass sich bei Hedera Helix wcder bei 
Tag noch bei Nacht Zu- oder Abnahme im Gesamt- und Eiweiss-Slickstoff 
erkennen lasst, sowohl beziiglich der Trockensubstanz als aiich der Blatt- 
flache. Auffallend dagegen war bei Ilex Aquifoliim die Zimahme des 
Gesamt-Stickstoffs am Tage. Diese dauert von April bis rluni und im 
September vom Morgen bis zum Mittag, wahrend mittags Al)leitung statt- 
findet. Im Juli und August findet sich Zunahme bis zum Abend und 
nachts Abwanderung. In den Wintermonaten bleibt der Wert tagsiibcr 
bestandig oder sinkt etwas. 

Eine ausfiihrliche Zusammenstellung dieser Ergcbnisse findet sich bei 
Mothes und Gouwentak. 

Gehen wir jetzt zu unseren Versuchen fiber. Zur Bestimmung der 
Tagesschwankungen des Stickstoffgehalts der Blattsprcite analysierte ich ein 
Individuum (Nr. 21), das 88 Tage lang in Kultur gewesen war. Zur 
Bestimmung des Tagesstickstoffs entnahm ich das Material um 13”~14 Uhr 
und zu der des Nachtstickstoffs um 18-19 Uhr. Die Blatter wurden, 
wie bei meinen Versuchen iiblich, quer in zwei gleiche Teile durchschnitten. 
Der Sonnenaufgang bewz. -untergang an diesem Tage war um 5 Uhr 48 
Minuten bezw. um 16 Uhr 51 Minuten. Die Ergebnisse sind in folgender 
Tabelle und Figur zusammengestellt. Aus diesen Zahlen ersieht man, 
dass der absolute Wert des Gesamt-Stickstoffs, auf 1000 g Frischgewicht 
bezogen, im Gegensatz zum Sauregehalt* im allgemeinen von der Basis 
nach der Spitze hin steigt. Der Gesamt-, der Eiweiss-, der Icksliche imd 
auch der Ammon-Stickstoff weisen im Verhaltnis zum Frisc^hgiwicht d('s 
Materials nachts geringe Zunahme in den oberen, jungen Blattspreiten, 
in den mittleren geringe und in den unteren und alten starke Abnahme 
auf. Was das Verhaltnis des Eiweiss- und des loslichen Stickstoffs zum 
Gesamt-Stickstoff betrifft, so karni man keinen merklichen Unterschied 
zwischen Tag und Nacht erkennen. In bezug auf das Verhaltnis des 
Ammon-, Amid- und Amino-Stickstoffs zum loslichen Stickstoff kann man 
aber Starke Zunahme des Ammon- und geringe Zunahme des Amid- 
Stickstoffs in der Nacht erkennen, wahrend der Amino-Stickstoff stark 



Tabelle 5. 

Tagesscbwankungen des N-Gehalts in der Blattspreite von Begonia Evansiana Andr. 
Nr. 21. SStagige Ziichtung im Gewachshaus. 
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Fig. 3. Tagesschwankung des Stickstoffgehalts in d(‘r liJlatt- 
spreite von Begonia Evansiana Andr. Nr. 21. HBtiigige Ziichtung 
im Gewacbshaus. 

Tageswerte Nachtwertc 

Ammon-N ■ - 

Amid-N 

Amino*N 

abnimmt. Dieses Verhaltnis gilt auch fiir die auf Gesamt-N bozogcnen 
Stickstoffwerte. Der Quotient Amid/Ammon ist bei alien RIattsprciten in 
der Nacht kleiner als der am Tage ; diese Tatsache zeigt die relative 
Zunahme des Ammon-Stickstoff in der Nacht. Bei iiltercn Blattspreiton 
der absolute Ammon-Stickstoffgehalt in der Nacht ist kleiner als der am 
Tage. Bei jiingeren Blattspreiten ist das Verhaltnis grade umgekcdirt. 

Die Ergebnisse aus der Analyse cinos andenm Individuums (Nr. 24), 
das 104 Tage lang in Kultur gewesen war, sind folgende. Aus Tabelle 
6 und Fig. 4 und 5 geht hervor,' dass der Gehalt an Eiweiss-Stickstoff 
im Verhaltnis zum Gesamt-Stickstoff im allgemcincn in der Nac.ht etwas 
grosser als am Tage ist und dass beim loslichen Slickstoff das Verhaltnis 
umgekehrt ist. Der Ammon- und der Amid-Stick.stoff nimmt bei den 
oberen, jiingeren Blattspreiten in der Nacht zu und der Amino-Stickstoff 
deutlich ab. Dieselbe Beziehung kann man auch beim Ammon-, Amid- 
und Amino-Stickstoff im Verhaltnis 'zum loslichen Stickstoff sehen. Die 
Gesamt-, Eiweis.s- und Ammon-Stickstoffmenge, auf das, Frischgewicht 
bezogen, nimmt bei diesem Material in den oberen Blattspreiten etwas 
zu, dagegen in den unteren in der Nacht stark zu. ' Der Amino-Stickstoff 



Tagesschwankungen des N-Gehalts in der Blattspreite von Begonii 
Nr. 24. 104tagige Ziichtung im Gewachshaus, 
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I II III IV 


Nummer der Knoten von unten. 

Fig. 4. Tagesschwankung des Stickstoff-Gehalts in der Blatt- 
spreite von Begonia Evansiana Andr. Nr. 24. 104tSgige Zlichtung 
im Gewachshaus. 

Eiweiss-N Ammon-N 

Tag ) Tag j 

Nacht) r t XT — ^ Nacht) . , . _ _ 

j Lasl.-N _ _ _ _ Xag 1 

Nacht) . . 

_ ^ AminO“N 

Tag ) 

nimmt durchgehends in der Nacht deutlich ab. Dor Quotient Amid/ Ammon 
bei den meisten alteren Blattspreiten ist in der Nacht stets kleiner als 
am Tage, sodass auf nachtliche, relativ geringere Abnahme oder sogar 
Zunahme des AmmomStickstoffs geschlossen warden muss. 

D. Zusammenhang zwischen dem Saure- und dem N-Stoffwechsel. 

1, Saurer und Stickstoffgehalt in den Blutenbldttern, 

Schumacher hat nachgewiesen, dass bei Kakteen der Hohepunkt ihrer 
synthetischen Entwicklung bereits uberschritten ist, wenn sich die Bliite 
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aus der Knospe entfaltet. Der Eiweissaufbau ist beim Aufbliihen schon 
beendet, und im Innern spaltet sich fortwahrend Eiweiss ab, und die 
Bliite beginnt bei einem gewissen Punkt plotzlich und unaufhaltsam zu 
welken und geht zugrunde. Seiner Meinung nach ist dieser Vorgang fiir 
die Familie der Kakteen charakteristisch. Er hat auch nachgewiesen, dass 
in den Orchideenbliitenblattern eine bestimmte Zeit nach der Bestaubung, 
etwa vom Beginn der Narbenschwellung ab, ein intensiver Eiweissabbau 
erfolgt, der bis zu den ersten, ausserlich sichtbaren Verwelkungserschei- 
nungen durchschnittlich etwa 25 des Gesamteiweisses erfasst. Aus seinen 
Versuchen geht auch folgendes: Bei ephemeren Bliiten erfolgt die Zer- 
triimmerung der Eiweisse nach einem ohne Eiweissvermehrung erfolgenden 
starken Flachenwachstum in den Nachmittagsstunden explosionsartig, wobei 
eine ungeheuere Intensitat des Stoffumsatzes erreicht wird. 



Fig. 5. Tagesschwankungen des Stickstoffgebalts in der Blatt- 
spreite von Begonia Evansiana Andr. Nr. 24. 104tagige Zilchtung 
im Gewachshaus. 

Tageswerte Nachtwerte 

Ammon-N ■ — 

Amino-N 
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Um das Verhaltnis zwischen dem Saure- und dem Stickstoffgchalt an 
ein und derselben Blute (hauptsachlich an der mannlichen Bliite) von 
Begonia Evansiana Andr. zu erforschen, warden die Analysen durchge- 
fiihrt, deren Ergebnisse in Tabelle 7 wiedergegeben sind. Um diese 
Verhaltnisse anscbaulich zu raachen, sind die Ergebnisse auch grapliiscb 
dargestellt worden (Fig. 6). Ein Blick auf die bigur zeigt, dass der 
Sauregehalt der halbentwickelten Bliite am grossten und der der Bliiten- 


Tabelle 7. 

Der Saure- und Stickstoffgehalt in der Bliite von 
Begonia Evansiana Andr. 


Pflanzenteil 

Vollstandig ent- 
wickelte Bliite. 
(7 Bliiten) 

Halbentwickelte 
Bliite (7 Bliiten) 

BlUtenknoapen 
(5 Bk.) 

Frischgewicl.t des 
Materials (mg) 

770.116 

651.734 

803.408 

Oxalsaure mg 

6.8*13 

6.170 

5 .73,3 

Prozent 

0.76 

0.79 

0.71 

mg Oxalsaure in 

1000 g Frischgew. 

7674.1 

7932.0 

7i;i5.8 

Frischgewicht des ’■ 

Materials (mg) 

823.260 

686.643 

820.314 

Gesamt-N. mg 

1.4860 

1.2124 

1.6190 

Gesamt-N in % d. 
Frischgewichtes 

0.18 

0.18 

0.19 

'0 2; 

Eiweiss-N 

78.49 

80.00 

83.69 

LosL-N 

26.61 

19.40 

16.81 

os a 
c S 

Ammon-N 

11.69 

8.73 

7.74 

2^5 

Amid-N 

7.91 

6.89 

6.63 

Amino-N 

7.01 

4.78 

3.17 

na 

Aramon-N 

43.71 

44.99 

47.40 

— "IS 

Amid-N 

29.86 

30.30 

33.89 


Amino-N 

26.44 

24.05 

19.45 


Gesamt-N 

1805.0 

1765.0 

1851.7 

0'S 

Eiweiss-N 

1326.4 

1423.1 

1649.6 


' . L6sl.-N 

478.6 

342.5 

.802. 1 


Ammon-N 

“209.2 

164.1 

14.8.4 


Amid-N 

142.8 

: 103.9 

99.9 

B 

Amino-N 

' 126.6 


68.8 

Amid/NK, 

0.682 

0.674 

0.696 
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Vollstandig ent- Halbentwickelte BlUtenknospen 
wickelte Bliite Bliite 

Fig. 6. Saure- und Stickstoffgehalt der Bliiten von Begonia 
Evansiana Andr. 

Eiweiss-N — _ Losl.-N — — - SSure 

. Aramon-N Amid-N Amino-N 

knospen am kleinsten ist, was mit den Ergebnissen in meiner vorigen 
Mitteilung iibereinstimmt. Dies ist sicher auf die verscbiedene Intensit'at 
des Stoffumsatzes zuriickzufiihren. 

Was zunachst das Verhaltnis des Eiweiss-Stickstoffs zum Gesammt- 
Stickstoff betrifft, so ist es bei den Bliitenknospen am grbssten und bei 
den vollstandig entwickelten Bliiten am kleinsten. In bezug auf das des 
loslichen Stickstoffs bezw. dessen Fraktionen ist es gerade umgekehrt. 
Trotzdem ist das Verhaltnis des Ammon- und des Amid-Stickstoffwerts 
zum gesamten loslichen Stickstoff bei Bliitenknospen am grossten und bei 
vollstandig entwickelten Bliiten am kleinsten ; aber beim Amino-Stickstoff 
ist es umgekehrt (Tabelle 7). Die Reihenfolge der absoluten N-Menge 
in bezug auf 1000 g Frischgewicht ist, wie folgt: 

Beim Gesamt-Stickstoff : Bliitenknospen^Vollstandig entwickelte B.^ 
Halbentwickelte B. 

Beim Eiweiss-Stickstoff : Bliitenknospen^Halbentwickelte B.^VoUstandig 
entwickelte B. 

Beim loslichen Stickstoff: Vollstandig entwickelte B.]> Halbentwickelte B.]> 
Bliitenknospen. 

Beim Ammon-Stickstoff : Vollstandig entwickelte B.^Halbentwickelte B.^ 
Bliitenknospen. 
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Beim Amid-Stickstoff : Vollstandig entwickelte B.>Halbentwickelte B.> 

Bliitenknospen. 

Beim Amino-Stickstoff : Vollstandig entwickelte B.^Halbentwickeltc 

Bliitenknospen. 

Der Quotient Amid/Ammon blieb bci alien Bliiten boinahnc bcstanclig, 
und Ammoniak iiberwiegt deutlicb das Amid. Dios kaniij olxa'daohlidi 
betrachtet, zugunsten der Entstehung der Oxalsaure l)ei der l)('saminierung 
der Aminosauren sprechen. Doch die Mengenverhaltnissc d(T Oxalsaure 
gehen nicht immer mit denen des Ammon-Stickstoffs parallel. Ob dabei 
das gefundene Ammoniak zum Teil von anderen Organon befiirdert wor- 
den ist, das bleibt noch weiterer Forschung iiberlassen. 

2, Saure- und Stickstoff-Stoffwechsel in den einzelnen Pflanzentetlen. 

1926 suchten Ruhland und Wetzel festzustellen, ol) die in Begonia 
nachweisbare Oxalsaure , aus dem Eiweiss- odor dem KoblenhydratstolT" 
wechsel entsteht. Nach ihnen ging reichliche Oxalsaurcbildung mit starker 
Anhaufung von Ammoniak einher. Bei ihrem Aufhiihren pflegle auch 
die Ammoniakbildung zugunsten der Aminosaure aufzuhiihrcn. Die Saure 
spielt eine Rolle als Entgifter des auftretenden Ammoniaks, 

Deshalb kamen sie zum, Schluss, dass das Auftreten der Oxalsaure 
aufs engste mit dem Eiweisstoffwechsel verkniipft. 

Bei verschiedenen Pflanzen untersuchte Kultscher die Bcziehungen 
zwischen dem, N-S toff wechsel und der Wasscrstoflionenkonzentration des 
Zellsafts und stellte dabei fest, dass zwischen NHj? und dem Amid in der 
Pflanze ein Gleichgewicht besteht, welches in hohem Masse, wenn auch 
durchaus nicht ausschliesslich, vorn pH des Zellsafts beeinflussi wird. 

Versuch 1. 

Bei diesem Versuch wollte ich in ein und demselben einzelnen 
zenteile das Verhaltnis zwischen dem Saure- und dem Stickstoffgchalt 
klarstellen. Das dazu beStimmte Individuum (Nr. 12) war 55 Tage king 
in Kultur gewesen. Das erste Blatt, welches sekimdar neu entwickelt 
war, und das 7te Blatt waren aber nicht gross genug, um die^Bestimmung 
des Saure- sowie auch des Stickstoffgehalts nebeneinander durchzufiihren, 
sodass ich bei ihnen immer nur einen von ihnen bestimmte. 

Die Versuchsergebnisse sind in Tabelle 8 in iiblicher Weise zusammen- 
gestellt. Aus Fig. 7 ist ersichtlich, dass der Sauregehalt des Blattstiels 
grosser als der der Blattspreite ist, wahrend er im Stengel bedeutend 
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Tabelle 8. 

Der Saure' und Stickstoffgehalt in den verschiedenen Pflanzenteilen 
von Begonia Evansiana Andr. Nr. 12. 55tagige 
Ziichtung im Gewachshaus. 

. (a) Blattspreite. 


Nr. d. Blattspreite 
von unten 

I-- 

II 

III 

I V 

V 

VI 

VII 

’Frischgewicbt d. 
Materials mg 


207.764 

183.343 

120.762 

1000.046 

"127.367 

153.261' 

Oxalsaure mg 


0.937 

0 .656 

j 

0.468 

0.'372 

0 .385 

0.383 ' 

Prozent 


0.45 

0.35 

0.38 

0.37 

0.30 

0.24 

mg Oxalsaure in 
1000 g Frischgew. 


4519.5 

3577.9 

3875.3 

3718.2 

3022.7 

2499.0"" 

■ Frist, hgewicht d. 
Materials mg 

165.311 

309.695 

379.626 

400.957 

409.280 

499.085 

169.177 

Gesamt-N mg 

‘ 0.2856 

0.5670 

0.6776 

0 .7028 

0.6972 

0.9590 

0.4158- 

Gesamt-N in fa d. 
Frisch gewichtes 

0.17 

0.18 

0.18 

0.18 

0.17 

0.19 

0.35 


Eiweiss'N 

61.47 

' 77.78 

72.11. 

73.71 

75.90 

76.79 

62.63 


Los.-N 

48.53 

22.22 

27.89 

26.29 

24.10 

23.21 

37.37 

ox g 

Ammon-N 

6.88 

5.19 

4.32 

2.79 

3.01 

5.26 

5.56 


Amid-N 

30.88 

11.85 

12.39 1 

10.16 

13.25 

14.02 

15.15 

Amino-N 

11.77 

5.19 

10.54 

13.75 

6.39 

3.94 

15.37 

TD 

Ci\ 

Ammon-N 

12.12 

28.02 

17.78 

9.09 

12.60 

22.64 

14.87 

Amid-N 

63.64 

53.33 

44.44 

38.64 

55.00 

60.38 

40.54 

2 

Amino-N 

24.24 

18.65 

37.78 

52.27 ^ 

32.50 

16.98 

44.59 

bJD , 

Gesamt-N 

1727.7 

1830.8 

1784.9 

1652.8 

1703.5 

1921.5 

2457.8 


Eiweiss-N 

889.3 

1424.0 

1287.1 

1291.9 

1293.0 

1475.5 

1639.2 

S-g 

. ^ 

LosL-N 

838.4 

406.8 

497.8 j 

460.9 

410.5 

446.0 

918.6 

d ao 

Ammon-N 

101.6 

94.9 

88.6 

, 41.9 

51.3 

101.0 

, 136.6 










' 

Amid-N 

533.5 

217.0 

221.3 

178.1 

225.7 

269.3 

372.4 

s 

Amino-N 

203.3 

94.9 

188.0 

240.9 

109.0 

75.7 

409.7 

Amid/Ammon 

5.25 

2.28 

2.50 

4.17 

4.39 

2.66 

2.72 


* Blattspreite einschliesslich des betreffenden Blattstiels. 
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(b) Blattstiel. 


Nr. d- Blattstiels 
von unten 

II 

III 

IV 

V 

VI 

Frischgewicht d. 
Materials mg 

57.902 

84.490 

77.241 

84.545 

34.517 

Oxalsaure mg 

0.299 

0.399 

0.367 

0.361 

0.121 

Prozent 

0.61 

0.47 

0.46 

0.42 

0..86 

mg Oxalsaure in 

1000 g Frischgew. 

6163.8 

4722.4 

4621.8 

4269.9 

3606.6 

Frischgewicht d. 
Materials mg 

144.417 

222.071 

313.847 

161.064 

499.086 

Gesamt-N mg 

0.2296 

0.2590 

0.2646 

0.2660 

0.9590 

Gesamt-N in % d. 
Frischgewichtes 

0.15 

0.11 

0.08 

0.17 

0.19 


Elweiss-N 

26.83 

43.24 

38.09 * 

32.11 

29.29 

T3 2; 

rt S 

Losl.-N 

Ammon-N 

73.17 

16.46 

66.76 

18.66 

61.91 

19.84 

67.89 

25.26 

70.71 

23.57 

ZU 

Amid-N 

34.76 

' 27.57 

31.76 

31.68 

30.00 

Amino-N 

21.95 

10.54 

10.32 

11.05 

17.65 


Ammon-N 

22.50 

32.86 

32.05 

87.21 

33.3:i 

' Amid-N 

47.60 

48.67 

61.28 

46,61 

42.42 

•-3 

z 

Amino-N 

30.00 

18.57 

16.67 

16.28 

24.24 


Gresamt-N 

1589.8 

1166.3 

843.1 

1760.8 

2722.3 

§*0 

Eiweiss-N 

426.6 

604.3 

321.2 

666,3 

797.2 

S ? 

d bO 

_a 

|P. 

Los.-N 

Ammon-N 

1163.3 

261.7 

662.0 

217.6 

521.9 

167.3 

1196.5 

444.8 

1925.1 

641.7 

Amid-N 

Amino-N 

662.6 

349.0 

521.6 

123.0 

267.6 

87.0 

556.1 

194.6 

810.7 

460.7 

Amid/Ammon 

2.11 

2.39 

1.69 

1.27 

1.27 
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(c) Knollen und Stengel einschliesslich der betreffenden Knoten. 


Pflanzenteil 

Knollen 

I 

Stengel 

II 

Stengel 

III 

Stengel 

IV 

Stengel 

V 

Stengel 

VI 

Stengel 

VII 

Stengel 

Frischgewicht d. 
Materials mg 

231.210 

111.506 

75.449 

125.361 

91.471 

46.514 

115.231 

103.621 

Oxalsaure mg 

0.068 

0.216 

0.161 

0.295 

0.226 

0.112 

0.339 

0.441 

Prozent 

0.02 

0.19 

0.21 

0.23 

0.24 

0.24 

0.29 

0.42 

mg Oxalsaure in 
1000 g Frischgew. 

294.1 

1937.1 

2133.8 

2363.2 

2470.7 

2407.8 

2941.9 

4255.8 

Frischgewicht d. 
Materials mg 

226.079 

425.261 

236.239 

395.539j 

251.937 

230.524 

141.070 


Gesamt-N mg 

0.6006 

0.3794 

0.2800 

0.4144 

0.3080 

0.3276 

0.3038 


Gesamt-N in % 
d. Frischgew. 

0.26 

0.08 

0.11 

0.10 

0.12 

0.14 

0.21 



Eiweiss-N 

26.57 

52.40 

47.50 

39.19 

38.64 

39.74 

37.79 



LosL-N 

■ 73.43 

47.60 

52.50 

61.81 

61.36 

60.26 

62.21 


n fS 

Ammon-N 

4.19 

16.60 

18.00 

21.79 

15.00 

16.03 

18.66 


.2 w 

Amid-N 

30.77 

22.14 

28.60 

30.41 

30.00 

29.49 

26.59 


Amino-N 

38.46 

8.86 

6.00 

8.62 

16.36 

14.74 

16.95 


nd 

cjS 

Ammon-A 

Amid-N 

5.71 

41.91 

34.88 

46.51 

34.29 

54.29 

36.83 

50.00 

24.44 

48.89 

26.59 

48.94 

30.00 

42.76 


.5 :0 

2^ 

Amino-N 

52.38 

18.61 

11.42 

14.17 

26.67 

24.47 

27.25 



Gesamt-N 

2656.6 

892.2 

1185.2 

1047.7 

1222.5 

1421.1 

2153.5 


mg N in 1000 
Friscbgewicht 

Eiweiss-N 

705.9 

467.5 

563.0 

410.6 

472.3 

564.8 

813.8 


L6sl.-N 

Ammon-N 

1950.7 

111.5 

424.7 

148.1 

622.2 

213.3 

637.1 

228.3 

750.2 

183.4 

856.3 

227.8 

1339.7 

401.9 


Amid-N 

Amino-N 

817.4 

1021.8 

197.5 

79.0 

337.8 

71.1 

318.6 

90.3 

366.7 

200.1 

419.0 

209.6 

672.8 

365.0 


Amid/ Ammon 

7.33 

1.33 

1.58 

1.39 

1.99 

1.83 

1.42 
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Fig, 7, Der , SjLuregehalt in verschiodenen PflanzcnteilxMi von 
Begonia Evansiana Andr. Nr. 12* 55tagige Zlichtung iin G<wiicbs- 
haus. 

Blaltstiel. Blattspreito. 

Stengel einschliesslich cler betreffonden Knoton. 



Nummer der Knoten von imten. 


Fig. 8. 'Eiweiss- imd Idsl.-N-Gehalt in verschiedenen Pllanzentcilon von 
Begonia Evansiana Andr. Nr. 32. SStSgige ZUchtung im GewSchshaus. 

— Eiweiss-N *sekundarentwickelte Blattspreite einschliesslich 

des betreffendcn Blattstiels. 

Losl.»N Blattspreite einschliesslich des betreffendcn 

Blattstiels. 

St: Blattstiel. Sp: Blattspreite. 

S: Stengel einschliesslich der betreffenden Knoten. 
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geringer als in den Blattern ist. Sowohl bei den Blattspreiten als auch 
den Blattstielen ist allgemein die Neigung zur Abnahme des Sauregehalts 
nach der Reihenfolge der Knoten von der Basis nach der Spitze wahr- 
zunehmen. Beim Stengel, einscbliesslich der betreffenden Knoten, ist das 
Verhaltnis umgekehrt, Bei den Knollen kann man nur selir geringe 
Menge von Saure nachweisen. Darin stimmt das Ergebnis mit dem der 
vorigen Mitteilung gut iiberein. 

In bezug auf das Verhaltnis des Eiweiss- und des Ibsliclien Stickstoffs 
zum Gesamt-Stickstoff ist beachtenswert, dass bei den Blattspreiten der 
Eiweiss-Stickstoff den loslichen Stickstoff iiberwiegt. Das Verhaltnis fallt 
fiir die Blattstiele und die Stengel einscbliesslich der betreffenden Knoten 
gerade umgekehrt aus. 

In den Knollen findet sich sehr reichlich loslicher Stickstoff (Fig. 8). 
Dieses Ergebnis spricht dafiir, dass der Ibsliche Stickstoff in den unterir- 
dischen Reservestoffb eh alter je nachdem einen ansehnlichen Teil des Gesamt- 
Stickstoff s ausmacht, ganz wie das bei anderen Pflanzen auch der Fall ist. 

Der prozentuale Anteil der Fraktionen der loslichen N-Verbindungen ist, 
soweit meine Versuche reichen, je nach dem verschiedenen Teile der Pflanze 
sehr verschieden, jedoch macht er nicht weniger als ein Drittel des Gesamt- 
Stickstoffs aus und erreicht bei unseren Begonien sogar 73?^. Die erste 
und die 7te Blattspreite enthielten eine verhaltnismassig geringe Menge 
von Eiweiss-Stickstoff. Das kann darauf beruhen, dass sie mit dem be- 
treffenden Blattstiele, der eine grosse Menge loslichen Stickstoff enthielt, 
zusammen analysiert wurden. 

Die Beziehungen zwischen den loslichen Fraktionen der N-Verbindungen, 
namentlich dem Ammon-, Amid- und Amino^Stickstoff, zum Gesamt-Stick- 
stoff in den einzelnen Teilen des Untefrsuchungsmaterials ist in Fig. 9 
graphisch dargestellt. Aus dieser Figur ist zu entnehmen, dass sich bei 
den Blattspreiten sehr wenig Ammon-Stickstoff findet, der keinen nerinens- 
werten Schwankungen unterliegt, wahrend der Gehalt an Amid-Stickstoff 
beinahe doppelt so gross wie der an Ammon-Stickstoff ist. Ebenso finde^t 
sich bei den Blattstielen mehr Amid-Stickstoff als Ammon-Stickstoff,. und 
die Schwankungen bei jenem gehen beinahe parallel mit denen beitn 
Ammon-Stickstoff, da diese beiden Fraktionen loslichen Stickstoffs der 
.Reihenfolge der Knoten nach von der Basis nach der Spitze hin allmahlich 
Zunehmen. ■ : , : - - : 

Bei dem Stengel einscbliesslich der betreffenden Knoten ist der Gehalf 
an Ammon-Stickstoff in den untersten Knollen am kleinsten und nimmt 
allmahlich* nach oben hin zu, wahrend der Amid-Stickstoff geh4t,lgah;?wie 
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Nummer der Knoten von unten. 


Fig. 9. Losl.-N-Gehalt in verschiedenen Pflanzenteilen von 
Begonia Evansiana Andr. Nr. 12. 55tagige Zlichtung im Ge- 
wachshaus. 

— ■ Blattspreite — Blattstiel 

— — Stengel einschliesslich betreffender Knoten. 

* Blattspreite einschliesslich des betreffenden Blattstiels. 

bei den Blattstielen, grosser als der des Ammon-Stickstoffs ist und mit 
den Schwankungen des Ammon-Stickstoffs parallel geht. 

Der Gehalt an Amino-Stickstoff ist bei den Knollen am grbssten und 
betragt etwa 38.5 9^ des Gesamt-Stickstoffs. Er sinkt abcr beim Cbergang 
zum Stengel bis auf 99^ und steigt dann allmahlich wieder bis zum gleichen 
Wert des Ammon-Stickstoffs. 

Was die Beziehungen des Ammon-, Amid- und Amino-Stickstoff s zum 
loslichen Stickstoff anbetrifft, so kann man aus Tabelle 8 entnebmen, dass 
der Amid-Stickstoff etwa die Halfte des loslichen Stickstoffs ausmacht und 
mit den Schwankungen des Ammon-Stickstoffs parallel geht. Die Schwan- 
kungen des Amino-Stickstoffgehalts bei den verschiedenen Organen sind 
sdhr gross und unregelmassig. 

In b«aig auf den Gehalt des Gesamt-Stickstoffs bei 1000 g Frisch- 
gewicht habe ich gefunden, dass er bei Blattspreiten am grossten, bei 
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Blattstielen massig und beim Stengel einscbliesslich der betreffenden Knoten 
am kleinsten ist. Dagegen ist der Gehalt an loslichem Stickstoff im 
Blattstiel und Stengel einscbliesslich der Knoten grosser und in der Blatt- 
spreite geringer. Unter den Fraktionen der loslichen N-Verbindungen ist 
der Ammon-Stickstoff im Blattstiel am reichsten und im Stengel massig 
enthalten, wabrend sich bei Blattspreiten, im Gegensatz zu ihrem Saure- 
gehalt, nur wenig findet. Dementsprechend ist der Quotient Amid/Ammon 
beim Blattstiel am kleinsten und bei den Blattspreiten am grossten. 

Versuch 2. 

Ein ganz ahnliches Verhaltnis des Sauregehalts findet sich beim anderen 
Individuum (Nr. IV), welches 70 Tage lang geziichtet und schon zur Bliite 
gekommen war (Tabelle 9). Fig. 10 gibt den prozentualen Sauregehalt 



Nummer der Knoten von unten. 

Fig. 10. Der Sauregehalt in verschiedenen Pflanzenteilen von Be- 
gonia Evansiana Andr, Nr. IV, 70tagige Ztichtung im Gewachshaus. 

Blattstiel. Blattspreite. 

Stengel einschliesslich der betreffenden Knoten. 

wieder. Dieser fallt hier viel grosser als beim vorigen Individuum aus. 
Trotzdem bleibt die Reihenfolge der Grbsse des prozentualen Sauregehalts 
ganz dieselbe wie beim vorigen Falle. 

Was die Beziehung des Eiweiss- und des loslichen Stickstoffs zum 
Gesamt-Stickstoff bei den Blattspreiten anbetrifft, so macht der Eiweiss- 
Stickstoff etwa 90 des Gesamt-Stickstoff s aus. Beim Blattstiel ist er 
geringer als der losliche Stickstoff. 

Beim Stengel einschliesslidi der betreffenden Knoten ist er in den 
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Tabelle 9. 

Der Saure- und Stickstoffgehalt in den verschiedenen Pflanzenteilen 
von Begonia Evansiana Andb. Nr. IV. 70tagigc 
Ziichtung im Gewachshau.s. 

(a) Blattspreite. 


Nr. d. Blattspreite 
von unten 

I 

1 

II 

III 

IV 

V 

1 

1 VI 


Frischgewicht d. 
Materials mg 

187.854 

211.711 

264. .361 

278.310 , 

263.942 

.354.878 

89.762 

Oxalsaure mg 

1.266 

1.394 

1.673 

1.708 

1.387 

1.786 

0.336 

Prozent 

0.67 

0.65 

0.63 

0.61 

0.52 

0.50 

0.37 

mg Oxalsaure in 
1000 g Frischgew. 

67;)9.52 

6584.4 

6328.4 

6136.5 

6254.9 

60.32.7 

. 3743.6 

Frischgewicht d. 
Materials mg 

526.722 

546.487 

657.366 

675.916 

686.933 

596.407 

220.137 

Gesamt-N 

1.0080 

0.7294 

0.9330 

1.4020 

1.1970 

1..3694 

0.5992 

Gesamt“N in % d. 
Frisch gewichtes 

0.19 

0.13 

0.14 

0.20 

0.20 

0.22 

0.27 

\Q +>» 

Eiweiss-N 

87.50 

86.76 

87.06 

89.22 

85.26 

87.96 

77.67 

LosL-N 

12.50 

13.24 

12.95 

10.78 

14.74 

12,05 

22.43 

CNg 

c s 

Ammon-N 

1.46 

2.69 

1.51 

0.89 

2.98 

2.78 

8.76 

<u 

ISO 

Araid-N 

4.17 

8.64 

8.63 

5.39 

5.26 

4.63 

9.81 

Amino-N 

6.86 

2.02 

2.81 

4.49 

6.49 

4.63 

3.86 

rd 

Ammon-N 

11.67 

'19.66 

11.67 

8.33 

20.24 

23.08 

39.06 


Amid-N 

33.33 

65.22 

66.67 

50.00 

.36.71 

38.46 

43.75 

z 

Amind-N 

55.00 

16,22 

21.67 

41 .67 

44.06 

38.46 

17.19 


Gesamt-N 

1913.7 

1334.7 

1480.1 

2074.2 

2039.4 

2279.3 

2(590.1 

S ^ 

cs & 

:2; « 

Eiweiss-N 

1674.5 

1167,9 

1288.4 

1860.6 

1738.9 

2004.7 

2111.4 

Losl.-N 

239,2 

176.8 

191.7 

223.7 

.300.6 

274.7 

(110.6 

Ammon-N 

27.9 

34.6 

22.4 

18.7 

60.8 

63.5 

238.6 


Amid-N 

79.7 

115.3 

127.8 

111.8 

107.3 

105.6 

267.1 

B, 

Amino-N 

131.6 

26.9 

41.5 

93.2 

1.32.4 

105.6 

104.9 

Amid/ Ammon 

2.85 

3.33 

5.70 

5.97 

1.76 

1.66 

1.11 


* Blattspreite einschliesslich des betreffenden Blattstiels. 
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(b) Blattstid, 


Nr. d. Blattstiels 

I 

II 

III 

IV 

V 

VI 

von unten 




Frisch gewicht d. 
Materials mg 

178.690 

98.716 

232.671 

416.675 

269.037 

113.823 

Oxalsaure mg 

1.349 

0.695 

1.683 

2.704 

1.578 

0.630 

Prozent 

0.75 

0.70 

0.72 

0.64 

0.58 

0.55 

mg Oxalsaure in 

1000 g Frischgew. 

7549.3 

7040.3 

7233.3 

6489.4 

5865.3 

5534.9 

Frischgewicht d. 
Materials mg 

610.627 

178.165 

383.099 

963.306 

558.556 

299.470 

Gesamt-N mg 

0.5134 i 

0.1610 

0.3318 

0.7112 

0.5336 

0.4452 

Gesamt-N in % d. 
Frischgewichtes 

0.10 

0.09 

0.08 

0.07 

0.95 

0.14 


Eiweiss-N 

39.27 

45.22 

50.63 

45.08 

44.34 

39.62 

L6sl.-N 

60.73 

54.78 

49.37 

54.92 

55.66 

60.38 

c JS 

Ammon -N 

22.91 

22.17 

24.23 

33.37 

31.48 

34.91 

<u 

Amid-N. 

12.27 

18.26 

13.92 

13.58 

18.10 

14.16 


AminO“N 

25.56 

14.35 

11.21 

7.97 

6.07 

11.41 


Ammon-N 

37.72 

40.48 

49.08 

60.75 

56.57 

57.81 

<s\ 

CJ S 

Amid"N 

20.20 

28.00 

28.21 

24.73 

32.52 

23.44 


Amino-N 

42.08 

31.52 

22.71 

14.52 

10.91 

19.75 


Gesamt-N 

840.8 

903.7 

866.1 . 

738.3 

965.3 

1486.6 

O o 

Eiweiss-N 

330.1 

408.6 

438.5 ■ 

332.8 

423.6 

589.0 

O 

, tH <D 
bO 

LosL-N 

510.6 

495.1 

427.6 

405.5 

531.7 

897.6 

rj r*. 

.M'S 

Ammon-N 

192.6 

200.4 

209.9 

246.3 

300.8 

518.9’ 


Amid-N 

103.2 

165.0 

120.6 

100.3 

172.9 

210.4 

a 

Amino-N 

214.8 

129.7 

97.1 

58.9 

68.0 

168.3 

Amid/ Ammon 

0.53 

0.82 

0.57 

0.41 

0.57 

0.41 
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(c) Knollen und Stengel einschliesslich der betreffcnden Knoten. 




Knollen 

I 

II 

III 

IV 

V 

VI 

VII 

Pflanzenteil 

Stengel 

Stengel 

Stengel 

Stengel 

Stengt'l 

Stengel 

Stefigel 

Frischgewicht d. 
Materials mg 

270.619 

435.578 

274.690 

247.403 

253.893 

251.894 

229. <812 

149.839 

Oxalsaure mg 

0.171 

1.695 

1.157 

0.938 

0.884 

0.811 

0.726 

0.474 

Prozent 

0.06 

0.38 

0.42 

0.37 

0.34 

0.32 

0.31 

0.31 

mg Oxalsaure in 
1000 g Frischgew. 

632.3 

3891.3 

4212.0 

3791.3 

3481.7 

3219.6 

3169.1 

3163.3 

Frischgewicht d. 
Materials mg 

570. 39l' 

1092.642 

1139.284 

1181.514 

1024.302 

1038.620 

'850.340 

556.893 

Gesamt-N mg 

1.1266 

0.6860 

1.0766 

1.3104 

1.2614 

1.0816 

1.0836 

0.7864 

Gesamt-N in % 
d. Frischgew. 

0.12 

0.06 

0.09 

0.11 

0.12 

0.10 

0.12 

0.14 


Eiweiss-N 

39.18 

68.78 

62.16 

63.53 

48.07 

46.64 

53.10 

58.52 


Losl.-N 

60.82 

31.22 

37.84 

46.47 

61.93 

64.30 

46.89 

41.48 

Ammon-N 

2.24 

13.16 

21.26 

24.05 

29.80 

27.76 

25.77 

21.63 


Amid-N 

5.59 

12.86 

10.14 

11.22 

10.99 

14,37 

13.18 

16.49 


AminO“N 

52.99 

5.20 

6.45 

11.20 

11.46 

12.23 

7.96 

4.36 


Ammon-N 

3.68 

44.22 

56.19 

61.76 

67.38 

51.07 

54.94 

52.15 

Am'id-N 

9.20 

, 41.18 

26.80 

24.13 

21.16 

20.43 

28.10 

37.34 


Amino-N 

87.12 

14.60 

17.01 

24.11 

21.46 

22.60 

16.96 

10.51 


Gesamt-N 

1973.4 

627.9 

946.0 

1109.1 

1231.5 

1041.5 

1274.3 

1412.1 


Eiweiss-N 

773.2 

431.8 

587.4 

693.7 

591.9 

476.3 

676.7 

826.4 

ri ^ 

_ «> 

LosL-N 

1200.2 

196.1 

1 357.6 

615.4 

639.6 

660.2 

697.0 

585, 7 

Ammon-N 

44.2 

82.7 

200.9 

266.8 

367,0 

289.3 

328.3 

305.4 


Amid-N 

110.5 

80.7 

95.8 

124.4 

135.3 

149.5 

167.9 

218.7 

B 

Amino-N 

1045.6 

32.7 

66.9 

124.2 

137.3 

127.4 

101.4 

01,0 

Amid/Amman 

2.6 

0.97 

0.47 

0.46 

0.36 

0.61 

0.51 

0.71 
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unteren und den oberen Teilen reicher als der Idsliche Stickstoff. 

Der prozentuale Gehalt an den verschiedenen Fraktionen Idslichen 
Stickstoffs im Verhaltnis zum Gesamt-Stickstoff ist in Fig. 11 graphisch 



Nummer der Knoten von unten. 


Fig. 11. Losl-“N-Gehalt in verschiedenen Pflanzenteilen von 
Begonia Evansiana Andr. Nr. IV. 70tagige Zuchtung im Ge- 
wachshaus. 

Blattspreite. Blattstiel. 

Stengel einschliesslich der betreffenden Knoten. 

* Blattspreite einschliesslich des betreffenden Blattstiels. 

dargestellt. Wie man sieht, ist der Ammon-Stickstoffgehalt bei der Blatt- 
spreite sehr gering und unterliegt, mit einer Ausnahme beim 7ten Blatt, 
keinen nennenswerten Schwankungen. Der Gehalt an Amid-Stickstoff ist 
grosser als der an Ammon-Stickstoff und lauft mit dem des Ammon- 
Stickstoffs parallel. Bemerkenswert ist, dass beim Blattstiel der Ammon- 
Stickstoff, im Gegensatz zum vorigen Individuura, unter drei Fraktionen 
Idslichen Stickstoffs am grdssten und von der Basis nach der Spitze hin 
allmahlich zunimmt und endlich 35?^ des Gesamt-Stickstoffs erreicht. 
Weiter ist bei ihnen der Gehalt an Amid-Stickstoff grosser als der an 
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Amino-Stickstoff, sodass seine Lage im Gegensatz m cicr beim vorigen 
Individuum mittelstandig ist. 

In bezug aiif den Gehalt an Ammon- imd Amid-Stickstoff im Siongel, 
einscliliesslich der betreffenden Knoten, liegt es ahnlicb wic bei den Blatt- 
stielen. 

Im Knollen ist wenig Ammon- und Amid-Siickstofi (nithaltcm. Amino- 
Stickstoff dagegen wird im Knollen am moisbm und zwai* 52.98^^4 d(\s 
Gesamt-Stickstoffs gefunden. 

Beim erster Knoten sinkt er auf 5^ und stcigt dann allmahlich, abet 
nach der Spitze zu sinkt er wieder. 

Die prozentuale Beziehung der einzelnen Fraktionen Idslicben Sticksloffs, 
namentlich des Ammon-, Amid- imd Amino-Stickstoffs, zu ibrer G('samtlicit 
ist in Tabelle 9 zusammengestellt, Daraus ist ersichtlicb, dass sich in den 
Blattspreiten, wo reichlich Saure nachgewiesen worden ist, wcniger Ammon- 
Stickstoff und reichlicher Amid-Stickstoff findet. Dagegen bildet der 
Ammon-Stickstoff bei den Blattstielen und dem Stengel (misebliessli(di der 
betreifenden Knoten den Hauptbestandteil des Idslicben Stickstoffs, und 
allmahlich steigt er von der Basis nach der Spitze zu, wahrend der Amid- 
Stickstoff keine nennensweiten Schwankungen zeigt. Er ist in den Knollen 
am wenigsten nachweisbar. Der Gehalt an Amid-Stickstoff bleibt bei den 
Blattstielen ebenso wie bei dem Stengel niedriger als der an Ammon- 
Stickstoff. Der Amino-Stickstoff nimmt bei den Blattstielen von der Basis 
nach der Spitze hin ab. Er ist in den Knollen reichlich nachweisbar und 
betragt 87?^ Idslichen Stickstoffs. Der Gehalt an Amino-Stickstoff im 
Stengel wird wenig von den Schwankungen betroffen. 

Was den Gehalt des Gesamt-Stickstoffs bei 1000 g Frischgewicht 

Material anbetrifft, so ist er im allgemeincn bei den Blattspreiten am 

grdssten, bei Stengel einschliesslich der Knoten massig imd be! den Blatt- 
stielen am kleinsten. Der Gesamt-Stickstoff neigt, wm aus Tabelh^ 9 zu 

entnehmen ist, dazu, von der Basis nach der Spitzes hin zuzunehmem 

Dieselbe Neigung kann auch beim Gehalt dea Eiweiss-Sticksloffs im Ver- 
haltnis zum Frischgewicht des Materials wahrgenommen werdem 

Der Gehalt an loslichem Stickstoff bei 1000 g Frischgewicht Material 
verhalt sich ganz ahnlich wie beim Individuum, Nr* 12. Und zwar ist er 
beim Blattstiel und Stengel einschliesslich der betreffenden Knoten greisser 
als bei der Blattspreite. Bei den Knollen ist er am grdssten. 

Die Reihenfolge der Menge des absoluten Ammon-Stickstoff, auf 1000 g 
Frischgewicht des Materials bezogen : Blattstiel>Stengel, einschliesslich 
der betreffenden Knoten^ Blattspreite. 
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Die Reihenfolge der Menge des absoluten Amid-Stickstoffs, auf 1000 g 
Frischgewicht des Materials bezogen : Stengel, einschliesslich der betreF 
fenden Knoten^Blattstiel^Blattspreite. 

Und die Reihenfolge der Menge des Amino-Sticksfoffs : Knoll en^ 
Blattstiel^B!attspreite]>Stengel, einschliesslich der Knoten. 

Bei den Knollen macht der Ainino-Stickstoff den Hauptteil des Gesamt- 
Stickstoffs aus. Der Quotient Amid/Ammon ist beim Blattstiel am kleinsten 
und beim Stengel ein mittlerer. Jedenfalls ist das Ubervviegen des Am- 
moniaks gegeniiber dem Amid augenfallig. Dagegen bei den Knollen und 
Blattspreiten liegt es grade umgekehrt, und das Amid iiberwiegt das 
Ammoniak stark. 


Versuch 3. 

Zum selben Zweck wurde weiter ein anderes Individuum (Nr. 6), das 
124 Tage geziichtet war und schon ausgebliiht hatte, analysiert. Die 
Ergebnisse der Saurebestimmung sind in iiblicher Weise in Tabelle 10 
zusammengestellt. Wie man aus nebenstehender Figur (Fig. 12) ersieht, 



Numraer der Knoten von unten. 


Fig. 12. Der Sauregehalt in verschiedenen Pflanzenteilen von Be^ 
gonia Evansiana Andr. Nr. 6. 124tagige ZUchtung im Gewachshaus. 

Blattstiel. Blattspreite. 

■ Stengel einschliesslich der betreffenden Knoten. 


ist der Sauregehalt im allgemeinen viel grosser als beim vorigen Individuum* 
und die Kurve verlauft meistens sehr glatt. Der Sauregehalt des Stengels 
einschliesslich der betreffenden Knoten nimmt aber gerade in umgekehrter. 
Richtung von der Basis nach der Spitze bin ab, und dies stimmt mit 
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Tabelle 10. 

Der Saure- und Stickstoffgehalt in den verschicdenen Pflanzenteilen 
von Begonia Evansiana Andr. Ni\ 6. 124tagiKC 
Ziichtung im Gewaclishaus. 

(a) Blattsprcitc. 


Nr. d. Blattspreite 

I 

n 

III 

IV 

V 

VI 

VIl 

von unten 






Frisch gewicht d. 
Materials mg 

229.790 

291.249 

244,696 

.308.626 

267.082 

202. .3 11 

144.999 

Oxalsaure mg 

1.799 

2.114 

2.729 

2.098 

1.905 

1.950 

1 .012 

Prozent 

0.78 

0.72 

0.79 j 

0.87 

0.77 

0.74 

0.09 

mg Oxalsaure in 
1000 g Frischgew. 

7828.8 

7268.2 

7919.4 

8744.8 

7700.1 

74;!.3.‘.) 

0980.2 

Frischgewicht d. 
Materials mg 

745.989 

910.640 

1163.441 

1046.979 

848,185 

849.866 

512.110 

Gesamt-N mg 

1.8214 : 

1.3.36C 

2.6274 

2.6600 

2.51)18 

2.6984 

1.7191 

Gesamt-N in % d. 
Frischgewichles : 

0.24 

0.14 

0.21 

* 0.25 

0.29 

0.30 

0.22 


EiweisS'N 

91.24 

88.05 

02.06 

88.06 

90.77 

80.75 

80.81 

No -4? 

LosL-N 

8.70 

11.95 

7.95 

11.06 

9.22 

12.25 

13.19 

ox g 
c S 

Ammon-N 

2.42 

2.20 

1.67 

2.21 

1.92 

2.17 

2.93 

cu 

2;^ 

Amid-N 

1.82 

4.40 

4.90 

4.72 

7.27 

4.04 

0.69 

Amino-N 

4.49 

4.24 

1.40 

0.57 

2.92 

7.02 

3.00 

-ci 

Ammon-N 

27.03 

27.02 

19.79 

20.00 

20.91 

10.41 

22 22 


Amid-N 

21.05 

20.84 

02.50 

42.80 

47.27 

20.48 

60.00 


Amino-N 

51.22 

25.52 

17.71 

27.14 

21.82 

52.11 

27.78 


Gesamt-N 

2441.0 

1467.0 

2180.9 

1’641,7 

2949.0 

2057.4, 

!l:ir,7.1 

EM 

Eiweiss-N 

2227.7 

1282.9 

2007.7 

2201 .9 

2077.2 

2052.2 

2914.2 

n M 

Losl.-N 

213.9 

174.1 

172.2 

280.8 

272.2 

405.2 

442.9 


Ammon-N 

69.1 

48.1 

24.3 

60.2 

50.9 

00.5 

98.4 

M 

Amid-N 

46.0 

64.1 

108.2 

120.2 

128.7 

122.5 

221.6 

B 

Amino-N 

109.8 

61.9 

- 20.6 

104.2 

86.7 

215.2 

123.0 

Amid/Amtnon 

0.76 

1.32 

3.15 

2,14 

2.26 

1.86 

2.25 
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(b) BlattstieL 


Nr. d. Blattstiels 
von unten 

I 

II 

III 

IV 

V 

VI 

VII 

Frischgewicht d. 
Materials mg 

171.734 

232.184 

337.455 

395.790 

232.527 

172.466 

86.588 

Oxalsaure mg 

1.551 

1.S73 

2.844 

3.567 

1.889 

1.379 

0.610 

Prozent 

0.90 

0.80 

0.84 

0.90 

0.81 

0.79 

0.70 

mg Oxalsaure in 
1000 g Frischgew. 

9031.4 

8066.8 

8427.7 

9012.3 

8123.7 

7995.7 

7044.8 

Frischgewicht d. 
Materials mg 

453.462 

494.852 

1053.285 

634.519 

640.009 

762.538 

532.618 

Gesamt-N mg 

0.3968 

0.4298 

0.7178 

0.4256 

0.4970 

0.6832 

0.4970 

Gesamt-N in % d. 
Frischgewichtes 

0.08 

0.08 

0.06 

0.06 

0.07 

0.08 

0.09 

TSIZ 

\B -M 

Eiweiss-N 

75.65 

61.03 

53.02 

64.80 

61.97 

60.28 

53.81 

L6sl.-N 

24.35 

38.97 

46.98 

35.19 

38.03 

.39.72 

46.19 

i 

Ammon-N 

11.64 

21.00 

23.40 

13.81 

14.36 

15.16 

12.67 


Amid-N 

5.29 

6.84 

9.94 

,7.89 

8.45 

9.22 

8.45 


Amino-N 

7.40 

12.12 

13.62 

13.55 

15.21 

15.36 

25.07 

nd 

so? 

Ammon-N 

47.83 

53.91 

49.82 

39.25 

37.78 

38.14 

27.44 

cn 

Amid"N 

21.74 

17.55 

21.17 

22.43 1 

22.22 

23.20 

18.29 

'z. 

Amino-N 

30.43 

28.54 

29.01 

31.32 

40.00 

38.66 

54.27 

JjO 

Gesamt-N 

875.0 

868.5 

682.5 

670.7 

776.6 

895.9 

933.1 


Eiweiss-N 

662.0 

530.0 

361.3 

434.7 

481.3 

639.8 

502.0 

s & 

L8sl.-N 

213.0 

338.5 

320.2 

236.0 

296.3 

366.1 

431.1 


Ammon-N 

101.9 

182.5 

159.5 

92.7 

111.6 

135.9 

118.3 


Amid-N 

46.3 

59.4 

67.8 

52.9 

66.6 

82.6 

78.9 









S 

Amino-N 

64.8 

96.6 

92.9 

90.4 

118.1 

137.7 

233.9 

Amid/ Ammon 

0.45 

0.32 

0.42 

i 

0.67 

1 

0.58 

0.60 

0.66 
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(c) Knollen und Stengel einschliesslich der betreffenden Knoten. 


Pfianzenteil 

Knollen 

I 

Stengel 

II 

Stengel 

III 

Stengel 

IV 

Stengel 

V 

Stengel 

VI 

Stengel 

VII 

Stengel 

Frischgewicht d. 
Materials mg 

264.774 

2126.469 

187.662 

125.676 

181.750 

241.959 

259.549 

146.941 

Oxalsaure mg 

0.324 

1.895 

0.941 

1 0.619 

0.749 

0.856 

0.741 

0.294 

Frozen t 

0.12 

0.58 

0.60 

0.41 

0.41 

0.35 

0.23 

0.20 

mg Oxalsaure in 
1000 g Frischgew. 

1223.6 

5804.5 

5017.0 

4129.6 

4121.0 

3537.7 

2854.9 

2014.5 

Frischgewicht d. 
Materials mg 

1341.195 

772.016 

945.688 

i 

1036.326 

i 

957.162 

966.526 

998.011 

662.774 

Gesamt-N mg 

4.6648 

1.2642 

10388 

1.2110 

1.3614 

1.7402 

1.9122 

1.2306 

Gesamt-N in % 
d. Frischgew. 

0.35 

0.16 

0.11 

0.12 

0.14 

0.18 

0.19 

0.19 


Eiweiss-N 

26.17 

39.87 

67.66 

56.94 

53.38 

46.18 

47.07 

46.07 


L6sl.-N 

73.83 

60.13 

32.36 

43.06 

46.62 

53.82 

52.93 

63.93 

B 

r M 

Ammon-N 

0.32 

3.49 

11.93 

20.12 

18.34 

11.10 

12.62 

10.07 

•H gj 

Amid-N 

7.38 

6.65 

10.51 

10.76 

10.88 

9.17 

7.69 

12.29 


Amino“N 

66.13 

50.00 

9.91 

12.14 

17.40 

33.23 

32.73 

31.57 

■6 

Ammon-N 

0.43 

5.80 

36.88 

46.77 

39.33 

20.63 

23.65 

18.67 

Os 

.32 

z 

Amid-N 

10.00 

11.05 

32.50 

26.00 

23.33 

17.04 

14.63 

22.78 

Amino-N 

89.57 

83.15 

30.62 

28.23 

37.33 

62.33 

61.82 

58.55 


Gesamt-N 

3478.1 

1637.5 

1098.6 

1168.6 

1411.9 

1800.6 

1916.2 

1856.7 

oja 

1 

Eiweiss-N 

910.2 

652.8 

743.2 

666.0 

763.7 

831.5 

902.0 

865.6 

S ^ 

_ I 

LosL-N 

2567.9 

984.7 

355.3 

502.6 

658.2 

969.0 

1014.2 

1001.2 

P bo 

z ^ 

Wife 

Aramon-N 

11.0 

57.1 

131.0 

235.1 

258.9 

199.9 

239.9 

186.9 

Amid-N 

256.8 

108.8 

115.5 j 

125,6 

163.6 

165.1 

147.3 

228.1 

p 

Amino-N 

2300.1 

818.8 

108.8 

141.9 

245.7 

604.0 

627.0 ' 

586.2 

Amid/ Ammon 

23:34 

1.90 

0.88 

0.53 

0.59 

0.82 

0.61 

1.22 
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meiner ersten Mitteflung gut iiberein. ' Daraus kann man scMiessen, dass 
der Sauregehalt, je nach den verschiedenen Entwicklungsstadien, ganz 
verschieden ausfallt, und dass beim Wachstumsaufhdren infolge der umge- 
kehrten Stoffwechselvorgange sogar die umgekehrte Reihenfolge des Saure- 
gehalts bestelien kann. Bei unserer Pflanze nimmt die Sauremenge mit 
dem Alter zu. 

Die Ergebnisse der Stickstoffbestimmungen sind in den vorstehenden 
Tabellen 10 zusammengestellt. Im grossen und ganzen verhalt sich auch 
hier der Gehalt an Eiweiss- und Ibslichem Stickstoff zum Gesamt-Stickstoff 
ahnlich wie beim vorigen Individuum. Nur darin liegt eine Abweichung, 
dass beim Blattstiel das Mengenverhaltnis des Eiweiss- und des loslichen 
Stickstoffs umgekehrt war. Die Menge des loslichen Stickstoffs in den 
Knollen ist viel grosser als die des Eiweiss-Stickstoffs. 



Fig. 13. LosL-N-Gehalt in verschiedenen Pflanzenteilen von 
Begonia Evansiana Andr. Nr. 6^ 124tagige Zuchtnng -im Ge- 
wachshaus. 

Blattspreite. ^ Blattstiel. 

— Stengel einschhesslich der ’betreffenden Knoten. 
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Was die einzelnen Fraktionen Idslichen Stickstoffs im Verhaltnis zum 
Gesamt-Stickstoff betrifft, so kann man zunSchst aus Fig. 13 erselien, dass 
sich bei diesem Individuum meistens bedeutend mehr Amino-Stickstoff als 
andere Fraktionen findet. Dagegen ist der Gehalt an Ammon- und Amid- 
Stickstoff in alien Korperteilen stark zuriickgegangen. Nur ist das fiir die 
vorigen Falle geltende Verhaltnis insofern bestehen geblieben, als beim 
Blattstiel und beim Stengel einschliesslich der betreffenden Knoten der 
Ammon-Stickstoff grosser als der Amid-Stickstoff ist und bei den Blatt- 
spreiten dieses Verhaltnis gerade umgekehrt liegt. 

Weiter ist aus dem prozentualen Gehalt der einzelnen Fraktionen des 
Ibslichen Stickstoffs zu ihrer Gesamtheit ersichtlich, dass bei den Blatt- 
spreiten der Ammon-Stickstoff beinahe einen bestandigen Wert und der 
Amid- und der Amino-Stickstoff einen hoheren Wert zeigen. Beim 
Blattstiel dagegen macht der Ammon-Stickstoff den grossten Teil des 
loslichen Stickstoffs aus und sinkt von der Basis nach der Spitze hin. In 
den Blattstielen ist verhaltnismassig wenig Amid-Stickstoff nachweisbar, 
und er lauft parallel zur Abzisse, wahrend der Amino-Stickstoffgehalt, im 
Gegensatz zum Ammon-Stickstoff, von der Basis nach der Spitze hin 
aufsteigt. In bezug auf den Ammon- und den Amid-Stickstoff im Stengel 
einschliesslich der betreffenden Knoten ist eine ahnliche Neigung wie bei 
den Blattstielen wahrzunehmen. 

In den Kriollen aber findet sich der meiste Amino-Stickstoff, Beim 
Stengel sinkt er am 3. Knoten zum Minimum und steigt allmahlich wieder 
nach der Spitze hin. 

Was scMiesslich den Gehalt des Gesamt- und des Eiweiss-Stickstoffs 
bei 1000 g Frischgewicht Material betrifft, so kann man sehen, dass sie 
in den Blattspreiten am grossten und im Blattstiel am kleinsten sind. 
Die Reihenfolge der Menge des Idslichen Stickstoffs und der einer Frak- 
tion, des Ammon-Stickstoffs, bei 1000 g Frischgewicht Material : Stengel, 
einschliesslich der betreffenden Knoten^Blattstiel^Blattspreiten. Bei der 
der Amid- und Amino-Stickstoffmenge : Stengel, einschliesslich der be- 
treffenden Knoten>Blattspreiten>Blattstiel. Der Quotient Amid/Ammon 
ist beim Blattstiel und Stengel einschliesslich der betreffenden Knoten 
klein und bei der Blattspreite gross. 

Aus obigen Ergebnissen darf man vor allem schliessen, dass in den 
Blattstielen und dem Stengel, einschliesslich der betreffenden Knoten, der 
Zunahme des Sauregehalts der grossere Gehalt an Ammon- bzw, Amid- 
Stickstoff beinahe entspricht. * Dies scheint dafiir zu sprechen, dass die 
Saure bei da* Desaminierung der Aminosauten entsteht. In den Blatt- 
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spreiten, in denen viel mehr Saure als im Stengel nachweisbar ist, war 
die Ammon-Stickstoffmenge in alien untersuchten Fallen immer am kleinsten. 
Weiter ist fiir sie charakteristisch, dass, im Gegensatz zum Blattstiel bezw. 
Stengel, die Menge des Ammon-Stickstoffs sehr viel kleiner als die des 
Amid-Stickstoffs war, sodass das Verhaltnis Amid/Ammon immer grosser 
als I ausfiel. Allerdings war dieses Verhaltnis in den verschiedenen Ent- 
wicklungsstadien verschieden und zwar bei einem j'iingeren Individuum fiir 
alle Pflanzenteile ausnahmslos grosser als L Dies widerspricht aber dem 
obigen Ergebnis insofern nicht, als die Grosse dieser Verhaltniszalilen bei 
den Blattspreiten die bei den Blattstielen und den Stengel stark iiberwiegt. 
Dieses unerwartete Tatsache ist meines Erachtens dahin zu deuten, dass 
das beim Eiweissabbau entstandene Ammoniak in den Blattspreiten schneller 
zur Eiweissynthese verwendet wurde, oder dass sich bei der Saurebildung 
noch ein anderer Vorgang als die Desaminierung der Aminosaure mit- 
beteiligt. Daraus entsteht die Frage, ob nicht in den Blattspreiten meiner 
Versuchspflanze neben der Oxalsaure noch andere Sauren gebildet werden. 
Es ist weiter noch unklar mit welchen Amiden hier fiir den Amid-Stickstoff 
zu rechnen ist. Um diese Frage zu klaren, bedarf es noch weiterer 
Untersuchungen. 


IV. ZUSAMMENFASSUNG. 

Die Ergebnisse vorstehender Untersuchungen lassen sich, wie folgt, 
zusammenfassen. 

1. Mit quantitativen mikrochemischen Methoden wurden der Stickstoff- 
und der Saurestoffwechsel von Blattern, Stengel, Knollen, Bubillen und 
Bliiten der Begonia Evansiana Andr., unter besonderer Beriicksichtigung 
ihrer gegenseitigen Beziehungen, untersucht. 

2. Als die Verbrennung beschleunigendes Reagens erwies sich Uber- 
chlorsaure als geeigneter als PerhydroL 

3. In jeder Blattspreite nimmt die Saure in der Nacht zu, und die 
Zupahme ist in den oberen, jungen Blattspreiten grosser als in der unteren, 
alten desselben Individuums. 

4. Die Ansauerung nimmt bei alien Organen mit ihrem Alter zu. 

5. Bei den Knollen und Bulbillen iiberwiegt der losliche Stickstoff 
ausnahmslos den Eiweiss-Stickstoff. Der Beginn des Sprossens der Knospe 
aus den Knollen kennzdchnet sich dadurch, dass hier der Amino-Stickstoff 
eine durchaus beherrschende Form des Ibslichen Stickstoffs darstellt, und 
die Amide vollstandig zuriicktreten. Der Ammon-Stickstoff ist bei den 
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Knollen ebensowie bei den Bulbillen ganz gering. 

6. Bei der Blattspreite gibt es im allgemeinen eine Nachtzunahme 
des Ammon- und des Amid-Stickstoffs, wahrend der Kiwcnss-Slickstoff 
keine merkwiirdigen Schwankungen zeigt. 

7. Bei den Bliiten entspricht der Ansauemng cine iiberwiegi^ndc 
Menge des Ammon- bezw. Amid-Stickstoffs. 

8. In dem Blattstiel and dem Stengel scheint ein Baralleiismus zwistdnm 
dem Sauregehalt und dem Ammon- bezw. dem Amid-Stickstoffgehalt zu 
bestehen. Dort iiberwiegt die Menge des Ammon-Sticksloffs moistens die 
des Amid-Stickstoffs. 

9. In den Blattspreiten findet sich der Stickstoff in Form von Amid 
viel reichlicher als in Form von Ammon, sodass der Sauregehalt nicht so 
gut dem Ammon-Stickstoffgehalt entspricht, wie man anfangs erwarten 
konnten, wenn iiberliaupt auch in den Blattspreiten aus dem Eiw(risstoff- 
wechsel Oxalsaure entstehen sollte. Ob dieses Ergebnis der starkcaam 
Eiweissynthese in den Blattspreiten zuzuschreiben ist odor durch cinen 
anderen Vorgang als die Desaminierung der Aminosaure bedingt ist, muss 
noch dahingestellt bleiben. 

Vorliegende Arbeit wurde im Jahre 1932 im Biologischen Instiiut der 
Kaiserlichen Tohoku-Universitat zu Sendai ausgefiihrt. Die Anregung 
dazu gab mein hochverehrter Lehrer, Herr Prof. Dr. Y. Yamaguti. 
Dafiir und fiir die dauernde Fdrderung, die er meiner Untersuchung zutcil 
werden Hess, sage ich ihm auch an dieser Stelle meinen aufrichtigsten Dank. 
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THE RELATIVE VALUES OF CATIONS IN PROTECTING THE 
MEMBRANE FORMING CAPACITY OF THE EGGS OF 
THE ECHINOIDS, CLYPEASTER JAPONICUS AND 
TEMNOPLEURUS HARDWICKIL* 

By 

A. R. Moore.*’^ 

Marine Biological Stations of Misaki and Asamushi, and the Biological 
Institute of Tdhoku Imperial University ^ Sendai. 

In a series of studies I have shown that when the unfertilized eggs 
of echinoderms are subjected for a short time to the action of a solution 
of non-electrolyte which is isosmotic with sea water and is neutral or 
alkaline, such eggs suffer an irreversible change in that they lose their 
power to form fertilization membranes^’ The effectiveness of the non- 
electrolyte solution in causing this change is related to the hydroxyl ion 
concentration of the solution and it is apparent from the work on the 
eggs of Strongylocentrotus purpuratus that the hydroxyl ion is responsible 
for the effecf\ Furthermore this destructive action of the hydroxyl ion 
with reference to the pre-membrane stuff is antagonized and may be 
completely inhibited by the cations of the alkali and alkaline earth series 
when they are added in the form of chlorides to the solution of non- 
electrolyte. In the case of Strongylocentrotus purpuratus the divalent ion 
Ca++ proved approximately 100 times as effective as the monovalent Na*^, 
and in the case of Echinus microtuberculatus and Paracentrotus lividus 
the coefficient was about 60 These observations led me to suggest that 
the protective effect of the cations is chiefly a function of the valence 
and attention was called to the fact that similar relations had been estab- 
lished by Lucre and McCutcheon^^ in their studies on the permeability 
to water of the unfertilized eggs of Arbacia. At the same time the 
evidence did not allow the assumption that the two phenomena depend 
on the same variable. In this connection I pointed out that the two 
reactions probably are quite different since permeability effects are revers- 
ible while the loss of membrane forming capacity is irreversible. 

Lucre and McCutcheon were able further to explore the effects of 
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valence on permeability to water by means of a series of cobaltanvine 
chlorides in which the cations possessed valences up to 6. In gcmcral 
their results showed that the effectiveness of the cations in diminishing 
permeability increased with the valence, although the increm<mt was not 
found to be uniform with each added valence. My own ex|)eriments hav<'^ 
previously been limited to the effects of monovalent and divalcatt (‘alions, 
for the reason that those of higher valence such, as aif<‘(‘t tlu^ pi I 

of the solution. I have been enabled, however, to work with ihe highiir 
valence cobaltamines through the kindness of Dr. Luckh wlio very gener- 
ously gave me a stock of cobaltamine chlorides which had beem prepared 
by Professor Thomas B. McCutcheon of the University of Pennsylvania. 
To both Dr. Lucre and Dr. McCutcheon I take pleasure in expressing 
my hearty thanks for this very substantial gift. 

The formulae of the 5 cobaltamine chlorides used are as follows : 

KSr- [co(NH.).>I., 

[(NH3).Co^^Co(NH3),]c1,„ [coQJco(nh„),,)Jci„. 

During the summer of this year I have been able to study the question 
using as material the eggs of two echinoids, Clypeastcr japonicus at Misaki 
and Temnopleums hardwickii at Asamushi. In making an individual 
experiment, 25 cc. of solution was used which was made up of a M solu- 
tion of urea containing the desired salt in known quantity, and the whole 
brought to pH 8. The solution was put into a petri dish, a drop of a 
thick suspension of the eggs added and the whole thoroughly stirred. 
The practice of taking the eggs directly from sea water introduced a 
constant error of approximately 3 per cent. At the end of about 2iJ 
minutes the eggs were gathered together by gentle rotation of the dii?h 
and at exactly 3 minutes as many as possible were removed from the 
dish with 2 or 3 drops, by means of a pipette, and put into a di-sh of 
sea water. Sperm was added and 3 to 5 minutes afterward the per cent 
of membranes formed was estimated, with the object of determining the 
amount of a given salt necessary to preserve the membrane forming 
capacity of approximately 50 per cent of the eggs. For example, in one 
experiment, BaCk in concentration 0.0045 M preserved 10 per cent of the 
membranes and 0.006 M preserved 80 per cent, then the value which 
was taken is the approximate mean, namely, 0.005 M. A series was 
rejected if, before the end of the experiments, the eggs of that particular 
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lot failed to form membranes after exposure to a solution of unquestion- 
ably protective action. The table shows the average values of three 
completed series of experiments in the case of Temnopleums, and of two 
series for Clypeaster, except that the values for RbCl and CsCl are from 
a single series and the cobaltamine chloride values are from one series 
for each form. 


Table. 

Each number denotes the molecular concentration of the corresponding 
salt, given in the left hand column, which is just sufficient in a solution 
of urea Mfl at pH 8, to protect the membrane forming capacity of 50 per 
cent of the eggs. 



Clypeaster 

Temnopleurus 

LiCl 


0.213 

NaCl 

0.250 

0.213 

KCl 


0.276 

RbCl 


0.220 

CsCl 


0.250 

MgClo 

0.0074 

0.0068 

CaCb 

0.0060 

0.0042 

SrCIa 

0.0064 

0.0068 

BaCla 

0.0042 

0.0046 

l“valent cobaltamine Cl 

— 

— 

2-valent „ „ 

0.0025 

0.002 

3-valent „ „ 

0.00025 

0.00004 

4*valent ,, »» 

0.00020 

— 

6-valent „ „ 

0.00005 

— 


As in previous experiments, the ions of each valence series are of the 
same order of effectiveness within their own group. Leaving aside for 
the time being, the individual differences within each series let us compare 
the effective concentrations. The average concentration of divalent ions for 
Clypeaster is 0.0060 M, while that of Na"^ is 0.250 M. The divalent ion 
is therefore 42 times as effective as the monovalent Na"*". In Temnoplmrus 
the divalent average effective concentration is 0.0056 M, the monovalent 
0.234 M, yielding a coefficient of 42. This exact identity of coefficients 
is of course accidental but we can be sure the valence coefficients in 
question lie close to 50. These figures demonstrate the fact which I 
have emphasized before, namely, that the factor of greatest magnitude in 
the action of the metal ions is valence. Within each periodic group there 
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are relatively minor differences charactistic of the individual ion, differences 
which are superposed upon the valence effect. Thus Mg'*'"’" is always 
less effective than Ca++, while equals or exceeds Ca'^^' in effective- 

ness. It is apparent from these results that the fashion of expressing 
comparative ion effects as a series which includes both valence groups 
may be entirely misleading. Thus the expression for effec- 

tiveness in the experiment with Temnopleurus means that 1 Ca‘^'^ = 1.52 
but to write another relation which is also true, namely, 

Na^ means something totally different because here 1 Ca'^'^~51 ! 

The quantitative fallacy involved in writing to express 

this set of facts is apparent. This example will suffice to show the im- 
possibility of representing comparative ion effects by means of a series 
which includes ions of differing valences. 

The experiments with the cobaltamines were successful throughout the 
group with the eggs of Clypeaster, but with Temnopleurus the 4- and 6- 
valent salts cytolyzed the eggs so that only the 2- and 3-valent salts gave 
reliable results. In no case have I been able to obtain protection with, the 
1-valent salt, probably for the reason that it is not possible to make a 
solution of sufficient concentration. The 2-valent cobaltamine is the most 
constant of them all in its effectiveness, giving with all eggs tried (in- 
cluding Arbacia punctulata and Strongylocentrotus pulcherrimus) an almost 
identical effective concentration, a concentration number which is one-half 
to one-third that of the divalent metal ions, a difference which may be 
due to the high molecular weight of the cobaltamine salt. The valence 
interval 2 to 3 gives a coefficient of 10 for Clypeaster, 50 for Temno- 
pleurus. But for Clypeaster the 4-valcnt ion is only slightly more (4fective 
than the 3-valent one. In Clypeaster the 6-valent ion is 4 titnes as (effec- 
tive as the 4-valent. It is therefore evident that an additional vahmce 
may mean very different things quantitatively depcmcling upon thc^ numlxyr 
of valences present. These irregularities may be due to diffcnxmces in the 
relations of the valences within the ion, or to the configuration of the 
particular ion concerned. At present our information does not p(a*mit a 
decision. 

Summary. 

Use was made of the general property of the unfertilized eggs of 
echinoderms by which in a solution of non-electrolyte they lose irreversibly 
their power to form fertilization membranes. The eggs of Clypeaster 
japonicus and of Temnopleurus hardwickii were used. Comparison of the 
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effective concentrations of the salts showed that the divalent alkaline earth 
metals are approximately 42 times as effective as the monovalent alkali 
metal ions. Ca"^^ proved to be consistently slightly more effective than 
The scries of cobaltaminc chlorides as used by Lltcke and Me 
CuTCHEON gave no protection in the case of the Tvalent salt. Beginning 
with the 2-valent cobaltamine there was found to be an incrcxising effect 
by irregular steps with each added valence. The highest coefficient was 
found between the 2- and 3-valent, the least Iietween the 3- and 4-valent 
salts. 

• It gives me pleasure to express my thanks to Mr. Yosii and Mr. Eri 
of the Misaki Station ; and to Mr. Kokubo and Mr. Tamura of the 
Asamushi Station for many courtesies extended to me. I am also indebted 
to Mr. Fukuda at Misaki and to Mr. Kobayashi at Asamushi for deter- 
mining the chlorine in my solutions. 
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ON THE PRESENCE OF THE IMMOVABLE CORTICAL 
CYTOPLASM IN THE CENTRIFUGED SEA-URCHIN 
EGG AND ITS IMPORTANCE ON THE DETER- 
MINATION OF THE POLARITY. 

(PRELIMINARY REPORT). 

By 

IsAO Motomura. 

Biological Institute^ Tdhoku Imperial University, Sendai. 

(Received October 2, 1933) 

In many species the location of the pole of the egg is unaffected by 
the redistribution of the visible materials in the egg cytoplasm by weak 
centrifuging. To analyse the causality of this probleiru I cariacd out the 
centrifuging experiment with the egg of sea-urchins in the summer of 
1933 at Misaki. 

The unfertilized egg of Heliocidaris crassispina (A. Agassiz) was 
centrifuged thirty minutes at a speed of three thousand revolutions per 
minute, which is about 1400 times gravity. The egg showed a sharp 
stratification of three layers. The centripetal layer is a small amount of 
opaque granules. The centrifugal layer is also a compact and opaque 
cytoplasm, which is about half the volume of the egg. The middle layer 
is a clear cytoplasm. The nucleus of the egg is carried into the clear 
protoplasmic zone, and lies just beneath the centripetal opaque layer. 
In some cases the eggs were elongated in the direction centrifuging, but 
they were never torn to fragments. The eggs were easily fertilized. In 
the course of segmentation I could trace the three layers till the eight-cell 
stage in the living egg. The centripetal granular layer was detected in 
the dark field illumination even in the gastrula. But the position of the 
granular layer had no connection with the axis of the gastrula, not with 
the micromeres of the sixteen-cell stage. The eggs became normal plutei. 

The material was fixed and observed in sections. The centripetal zone 
is dissolved away by the treatment of paraffin section, and does not take 
stains. The centrifugal layer is eosinophilous. The middle clear zone is 
a basophil chromatic material, and is stained intensively with Heidenhain’s 
hematoxylin. In the course of cleavage the basophilous middle layer and 
the eosinophilous centrifugal layer mingle with each other, but it was 
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possible to recognize the direction of centrifuging by the dillerenc(' of the 
intensity of the staining in the blastomeres. 

The results of niy expexnments on Heliocidaris agro(^ with those' on 
Arbacia. The direction of centrifuging did not alfect the original location 
of the axis of the egg. For the interpretation of this ta'sull w(' inust 
demonstrate the substance in the egg whkdi is immovable by ceniialuging. 
In the first place I put my attention on the (‘ortical cytoplasm. The 
cortical cytoplasm of the normal egg of Heliocidaris contains basophilous 
granules. And by centrifuging at the speed mentioned above the granule 
of this portion of the unfertilized egg did not shoiv shifting at all. On 
the contrary the basophilous granules of the inner part accumulates in the 
middle layer. At the centripetal end, where the opaque granules accumu- 
late, I observed a thin layer of basophilous cytoplasm. The siructurc' of 
this portion is identical with that of the other cortical side' ol: thc^ egg. 
This shows that the cortical cytoplasm is so rigid that it is not destroyed 
by the centripetal pressure of the opaque lipoid granules. At the centri- 
fugal side there is also cortical cytoplasm of the same structure'. In short 
the cortical cytoplasm is not affected by centrifuging and rc'tains the (‘on- 
dition of the normal egg. 

This fact is also observed in the centrifuged unfertilizc'd egg of Tern- 
nopleuTus toreumaticus (Klein). In this species the cortical cytoplasm 
contains much more basophilous granules than in Heliocidans^ and for 
this reason it shows a sharp contrast between the cortical cytoplasm and 
inner cytoplasm. The nucleus of the egg of Temnopleurus lies at the 
centrifugal end, or in the other words the nucleus has the large spc'cific 
gravity. In some cases the centrifugal end of the egg juts out by th(^ 
centrifugal pressure of the nucleus, but even in this cm) thc^ cortical 
cytoplasm remains undestroyed. In Clypeaster japonicus Dookulkin and 
Astriclypeus manni Verrill there arc less basophilous granules in the 
cortical cytoplasm. But in the centrifuged egg at the sidt' of the baso- 
philous zone there is also a sharp contrast between basophilous inner 
portion and unstained cortical portion. 

It is well known that in the course of normal development the inner 
cytoplasm is stirred up by the protoplasma-streaming and the motion of the 
nucleus. Therefore the direction of the pole of the molecules of the inner 
protoplasm must be unstable even in the normal egg. It is illogical to 
suppose a structure or substance which retains the polarity of the egg 
analogous to a crystal in the inner part of the egg cytoplasm. And the 
hypothesis of the axial gradient should not be adapted in respect with 
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the inner cytoplasm, because the physiological axial gradient ought to be 
based upon the qualitative or quantitative nature of the distribution of 
materials. And this must be immovable by the slow centrifuging. The 
cortical cytoplasm is only the substance in which immovability can be 
demonstrated. Therefore the structure, on which the polarity of the egg 
depends, must be delineated in the cortical cytoplasm. If the centrifuging 
is strong enough to destroy the structure of the cortical cytoplasm it may 
be possible to alter the polarity of the egg, in which case the gradient 
of the inner cytoplasm may affect the polarity. The discrepancies of the 
results obtained by Runnstrom, Lindahl and myself were caused by the 
difference of relative speed of centrifuging against the rigidity of the egg 
cytoplasm. 
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MITOSEN IM ANTHERIDIUM VON SARGASSUM 
CONFUSUM Ag.i) 

Von 

Kogoro Abe. 

Biologisches Institut der Kaiserlichen Tdhoku Universitdf, Sendai, Japan. 

(Mit Tafeln IX-X) 

(Eingegangen am 18. Oktober, 1933) 

Unter den Fucaceen wurcle die Gattung Sargassum in letzter Zeit 
von verschiedenen Autoren zytologisch untersucht. Uber die Karyokinese 
im Oogonium von Sargassum enerve verojBfentlichten Tahara und SillMO- 
TOMAI (1926) eine kurze Mitteilung. Kunieda (1928) studierte die Kern- 
teilung und die Befruchtung bei Sargassum Horneri, und Okahe (1929, 
1930) untersuchte die Meiosis im Oogonium und die Mitosen im keimenden 
Embryo derselben Spezies. Aber die Mitosen im Antheridium dieser 
Gattung sind bis jetzt noch von niemandem genauer untersucht worden. 
In diesem Friililing studierte ich sie wahrend meines zweimonatigen Auf- 
enthalts in der biologischen Station der hiesigen Universitat in Asamushi 
unter Leitung Herrn Prof. Dr. M. Taharas, dem ich fur seine vielseitigen 
Ratschlage zu grossem Dank verpflichtet bin. 

Als Material gebrauchte ich Sargassum confusum, das in dieser 
Gegend sehr iippig wuchert. Beim Sargassum beginnt die Karyokinese 
des Antheridiumkerns zugleich mit der des Oogoniumkerns. Die verschie- 
denen karyokinetischen Phasen lassen sich selbst beim lebenden Material 
mit Essigkarmin klar erkennen. Darum ist es leicht, das Material in den 
geeigneten Phasen zu fixieren. Da die Antheridien dieser Alga mit Schleim- 
haut bekleidet sind, muss man auf die Fixierung besonders achtgeben. 
Durch wiederholte Versuche hat sich folgende Methode als die beste 
erwiesen. Zuerst bereitet man zwei Ldsungen. Die erste Losung besteht 
aus zwei Vorratslosungen a) und b) ; die zwei miissen kurz vor Gebrauch 


zu gleichen Teilen gemischt werden. 

a) Gesattigte Losung von Pikrinsaure 50 ccm, 

Eisessigsaure : 5 ccm, 

Chromsaure 1 g. 

b) Gesattigte Losung von Pikrinsaure 25 ccm, 


n Contributions from the Marine Biological Station, Asamushi, Aomori-Ken, No. 103. 
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40?/oiges Formalin 25 ccm, 

Harnstoff 0.5 g. 


Die zweite Losiing ist die, die ich bei meitier Unt<‘rsuchiing (1932) der 
Befruclitung voii Coccophora benutzt babe. 

Das vorliegende Material wurde mit diescr g(nniscbi:en Fliissigkeit 
meistens 4-5 Stunden lang fixiert. Um mit diesem Fixic^ningsmillel 
gute Ergebnisse zu erzielen, ist es wesentlicb, die Rczeptakel so k!(4n wie 
moglich zu zerscbneiden. Die 7 p- dick gescbniltencn l^aradinsclinittc 
werden mit Heidenhains Eisenalaunhamatoxylin gelarbt. 

Fig. 1 zeigt den sicli im vollstandigen Ruhestadium befindlichen Anllieri- 
diumkern. In Fig, 2 und 3 siebt man ein friiherc'.s Synai)sisstadium, 
wahrend dessen ein kleines, synaptiscbes Knauel an einer Seite dos Kerns 
vorragt. Haufig bemerkte ich zwei solche synaptis(‘hc KnaiUil sich gegcn- 
iiber an bei den Seiten des Kerns, wie Fig. 4 zeigt. Auch YAMANOLK’Ur 
(1909) schreibt von dieser Erscbeinung im Antberidium von Fucus, Fig. 
5 stellt ein noch spiiteres Synapsisstadium dar. Im fortscbreitenden Stadium 
strecken sich die Faden des synaptischen Knauels in der Kernhcihlc. Dar- 
auf folgt das Spiremstadium (Fig, 6). Dabei kann man cinen fortlaufendcn 
Spiremfaden mit stark farbbaren Knorren sehen. Diese Knorren treten 
allmahlicli deutlich hervor, und dann folgt das Diakinesestadium (Fig. 7). 
Die Bivalentcbromosomen zeigen meistens die Y — , X — , 0 — , und II — 
Form, wie das Tahara (1929) bei der Ovogenese von Coccophora be- 
schrieben hat (Fig. 8). Fig. 9 zeigt ein spateres! Diakinesestadium. In 
diesem Stadium ist der Nukleolus schon verschwunden. Wie aus Fig. 3 
und 6 zu ersehen, gibt es zuweilen ein Kbrpercdien in der Naho des 
Nukleolus, Etwas Abnliches wurde von WtrjiAMs (1906) im Kern der 
Tetrasporenmutterzelle von Dictyota und von ('auter (1927) bed Padina 
bemerkt und als „ chromophilous spherule “ bozeichned. Audi Fahara 
( 1929) hat dies im Oogoniumkern von Coccophora und OKABr: (1929) in 
dem von Sargasmm Horneri gefunden. Nach Aufleisung der Kernmembran 
erfolgt vollstandige Metaphase, wobei sich die 32 Chromosomen obne 
Schwierigkeit zahlen lassen (Fig, 10, 11), Obwohl YAMANoucm (1909) l)ei 
der Meiosis im Antberidium von Fucus Zentrosomen bemerkt hat, konnte 
ich sie bei meiner Pflanze in keinem karyokinetischen Stadium beobachten. 
Die Anaphase geht regelmassig vor sich (Fig. 12). Die reduzierten 
Chromosomen wandern nach beiden Polen. In der Telophase beriihren 
sich die beiden Tochterkerne eng (Fig, 13). Nach kurzer Pause beginnt 
die homootype Teilung (Fig. 14). Nach dieser Teilung entstehen natiirlich 
vier Kerne (Fig. 15), die dann noch vier weitere Tcilungen ausfiihren 
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(Fig. 16, 17, 18, 19). Dabei vergrbssert sich das Antlieridium allmalilicli. 
Nach der sechsten Teilung sieht man im Antheridium 64 freie Kerne (Fig. 
20), welche dann aber durch diinne, protoplasmatisclie Scheidewande in 
64 Spermamutterzellen getrennt wcrden. Uber die Einzelheiten der Sperm- 
entwickliing werde ich bei n'achster Gelegenheit ausfuhrlich bericliten. 

Die Chromosomenzalil der bisher untersiicliten Fucaceenspezies sind in 
der folgenden Tabelle zusammengestellt. 


Pflanzennahme 

Haploide 

Chromosomen'/ahl 

iJiploide 

Chromo- 

Alitor 



somonzahl 


Fucus vesiculosus L. 

^ 32 

32 

61 

Yamanouchi (1909) 

Sargassum encrve C. Ag. 

Cystop/iyllum sisymbrioides 

J. Ag. 

32 

32 


: 

Taiiara und Shimo- 
TOMAI (192(5) 

SuiMOTOMAl (192S) 

Sargassum Horneri C. Avt. 

16 

16 

32 

Kunieda (1928) 

,, 

->o 



Okabe (1929) 

Coaaophora Langsdorfii 
(Turn.) Grev. 

*n> 


61 

Taiiaka (1929) 

Tomita (1932) 

Pelvetia Wrightii (Harv.) 
Yendo 

*>4) 

C>*4 

— 


Inoii (1933) 

Sargassum confusum Ag. 

— 

32 


Abe (1933) 


Wie obige Tabelle zeigt, besitzen manche Arten unter den Fucaceen 
nach neueren Untersuchungen verschiedener Forscher 32 reduzierte Chromo- 
somen. Kunieda (1928), und nur er hat bei der Oogenese imd der 
Spermatogeiiese bei Sargassurn Horneri 16 haploide Chromosomen gezahit, 
aber sein Ergebnis wird durch Okahes Untersuchungen der Oogenese bei 
dieser Art und durch meine iiber die Mitosen im Antheridium von Sargassum 
confusum sehr zwcifelhaft. Dicsc Nichtiibereinstimmung ist wahrscheinlich 
durch die Fixierungsmethode veranlasst wordcn. 
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TAFEL IX. 


Fig. 1. Ruhestadium. 

Fig. 2-3. Friiheres Synapsisstadium. 

Fig. 4. Dasselbe mit zwei synaptischen Knaueln. 
Fig. 5. Spateres Synapsisstadium. 

Fig. 6. Spiremstadium. 

Fig. 7-8. Friihere Diakinese. 

Fig. 9. Spatere Diakinese. 

Fig. 10. Heterotype Metaphase in Seitenansicht. 
Fig. 11. Dasselbe in Polansicht. 


TAFEL X. 


Fig. 12. 
Fig. 13. 
Fig. 14. 
Fig. 15. 
Fig. 16. 
Fig. 17. 
Fig. 18. 
Fig. 19. 
Fig. 20. 


Anaphase. 

Telophase. 

Homootype Anaphase. 

Homootype Telophase. 

Metaphase in der dritten Teilung. 
8 kerniges Stadium. 

16 kerniges Stadium. 

32 kerniges Stadium. 

64 kerniges Stadium. 
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NOTES ON THE DEVELOPMENT OF THE SEA URCHIN 

TEMNOPLEURVS HARDWICKIL* 


By 

Mary Mitchell Moore. 

The Marine Biological Laboratory, Asamushi and the Biological 
Institute, Tdhoku Imperial University, Sendai. 

(With 20 text-figures) 

(Received October 22, 1933) 

The following are some observations taken during the summer of 1933 
on Temnopleurus hardwickii, a sea urchin common at Asamushi, Aomori- 
ken, Japan. Since it is the only sea urchin furnishing ripe eggs and 
sperm in quantity there during the summer months I have added some 
other general observations hoping they may be of value to workers using 
these eggs in the future. 

I. 

The adult sea urchins after being dredged from the bottom of the 
bay should be kept in damp seaweed and as soon as possible placed in 
running sea water. If they are left in buckets of standing sea water the 
animals soon die. The water should flow freely over them in shallow 
dishes without carrying air bubbles. The sea urchins usually keep for 
two or three days after which new ones should be brought. If the room 
temperature reaches 26°C. they spawn spontaneously and so have to be 
discarded. The reproductive activity of the animals seems to follow a 
rhythm of about two weeks. For instance every animal may contain ripe 
sperm or eggs for a week, then fewer than one in ten the next week, 
but the week after more and more ripe testes or ovaries appear again 
until the maximum is reached. If one of these maxima coincide with a 
hot spell of weather, it will be some days before ripe eggs and sperm 
are found again because all the sea urchins in the bay will have spawned 
naturally. 

The sea urchins can adjust themselves to abrupt changes in the salinity 
of the sea water. On one occasion a heavy rain altered the specific gravity 
of the laboratory running sea wato from 1.0025 to 1.0015. This change 
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did not injure the adults, but the eggs taken from them and put into 
this diluted sea water failed to develop, or only produced irregularly 
dividing hlastomeres. However after the sea urchins had remained for 
a day in the diluted sea water of the aquarium the development of the 
eggs in that water was normal, but they were then sensitive to sea water 
of higher specific gravity, since eggs of acclimatized sea urchins placed 
in sea water of original specific gravity (1.0025) do not develop when 
fertilized. However they will develop in sea water of lower sp. gr. 

The pH of the sea water must be at least 8.0 for successful fertiliza- 
tion. In practice a few drops of n/10 alkali were added to a suspenson 
of eggs to bring the pH to about 8.4 before sperm was added. After 
sperm was added the whole was gently agitated and the eggs a minute 
later transferred to about 50 cc. of filtered sea water in a finger bowl. 
Immediately upon impregnation a fertilization membiane forms. About 
twenty minutes later the inner hyaline membrane forms (Fig. 1, a). 



3d e f 


Fig. 1. Showing stages in the normal development of Temnopleurus 
eggs; a) to e), the same egg, the numbers indicating the first, second and 
third division planes, f), outline of a corresponding blastula after hatching. 

Developing eggs are injured by temperatures of 26"C. and over, and by 
the low temperature of an ice-box. 

The Temnopleurus egg is remarkably clear, the light brown pigment 
and yellow granules making it especially good for daylight observation. 
The whole drama of fertilization and cell division may be clearly seen. 
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The positions of the female and male pronuclei, their union, the enlarge- 
ment of the resulting nucleus after formation, cytoplasmic streaming and 
final division of the nucleus and cytoplasm to form two cells, all are 
plainly visible. Cell boundaries are especially clearly seen by daylight, 
but the yellow light of an electric lamp obliterates them. Figure 1 shows 
camera lucida outlines of normally developing eggs. 

The rate of division at ordinary temperature is shown in Table 1. 


Tabi.e 1. 

Ooop 

From fertilization to first division, ' 

53 minutes. 


From fiist to second division, 

26 min. 


From second to third division. 

27 min. 


From third to fourth division, 

28 min. 

33X. 

From fertilization to first division, 

42 min. 

1 

From first to second division, 

22 min. 

i 

From second to third division, 

20 min. 


About six hours after fertilization at ordinary temperatures the blastula 
begins to rotate within the fertilization membrane. The membrane becomes 
flattened and wrinkled in places and finally breaks, allowing the blastula 
to swim out. Once free the blastula rotates more rapidly and swims at 
the top of the dish of sea water (Fig. 1, f). About an hour after the 
blastulae begin to rotate, all of them have hatched and are spinning about 
the dish. At this time the mesenchyme cells are visible at the vegetative 
pole as they project slightly into the blastocoele. Eight hours after fertili- 
zation they are migrating into the cavity 
(Fig. 2). Two hours later, gastrulation 
has begun, and the mesenchyme cells 
have moved at least half way to the 
animal pole (Fig. 3). At 16 hours, the 
first skeleton has been formed, and 
gastrulation is complete (Fig. 4). At 
24 hours, the tripartite gut has formed 
and the characteristic skeleton partially 
laid down (Figs. 5 and 6). At 2 days 
the mouth parts are complete (Fig. 7). 

At 3 days the pluteus has attained the 
external form it will have for about 
ten days (Figs. 8 and 9). 



Fig. 2. Blastula eight hours after 
fertilization. Actual diameter, 0.1 mm. 
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Fig. 9. Side view of a three day old pluteus. Actual 
length excluding arms, 0.26 mm. 


II. 


Temnopleurus eggs resemble other sea urchin eggs in many of their 
chemical reactions. Experiments which have been done with both Euro- 
pean and American forms can be repeated in Temnopleurus with only 
slight but instructive variations in the results. For instance the necessity 
of calcium ions for the formation of the hyaline membrane and the 
coherence of the blastomeres, first shown by Herbst^^ on European forms, 
can easily be repeated here. If the newly fertilized eggs of Temnopleurus 
be taken up in a pipette of bore about the diameter of an egg, and then 

gently expelled, the fertilization membranes 
on many eggs will be broken away. If now 
these eggs are transferred through two or 
three changes of calcium-free sea water, and 
left to develop, no hyaline membrane will 
form.* The two first blastomeres will also 
fall apart due to a breaking of the cell bridge, 

Fig. 10. Sixteen cell stage 

of an egg mechanically deprived barely toucbing eacH Other. No blastula can 
of fertilization membrane and form even if cell division itself is not halted 



transferred to calcium free 
artificial sea water. 


from lack of calcium (Fig. 10), 

Another way in which the eggs of Tern- 
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nopleums resemble those of other sea urchins is in their reaction to pure 
non-electrolyte solutions. The effect of pure urea or glycerine solution 
upon the fertilization and hyaline membranes was first described by Moore“^ 
for the Pacific Grove echinoderms and later extended to Atlantic and 
European forms. Treatment with pure non-electrolyte solution may either 
prevent the formation of the fertilization membrane, or dissolve it after it 
has been formed in sea water. By putting the unfertilized eggs of Tern- 
nopleurus into a molecular solution of urea of pH 8.0 for three minutes the 
formation of the fertilization membrane is inhibited. For if these treated 


eggs are then transferred to sea water of pH 8.0 and sperm added, the 
eggs will be fertilized and will divide, but no fertilization membrane will 
form. About tw’^enty minutes later the hyaline membrane will appear, 
however, and the eggs will develop into oval blastulae, and into plutei 
which will be hard to distinguish from normal ones. Normally formed 
fertilization membranes can also be dissolved off Temnopleurtts eggs by 
transferring them immediately after fertilization and membrane formation, 
to a molecular urea solution of pH 8.0. As soon as the membranes 
have dissolved, the eggs must be transferred 
immediately back to sea water. However, 

as is the case with other sea urchins no / 2—^ \ 

hyaline layer appears after this treatment I jf J 

(Fig. 11). 

Temnopleums shows cell bridges^^ in ap- Fig. 11. An egg almost at 
propriate stages after the fertilization mem- dividing in sea 

brane has been removed by chemical or water after treatment with urea 

mechanical means and whether the hyaline membrane. The cell 

membrane is present or not. In Temnopleurus bridge is too tenuous to hold 

the cell bridges acting alone are too tenuous cells together in the absence of 

to hold the tW’O blastomeres, or the fil'St hyaline membrane, 

four, together to form an embryo in sea 

water (Fig. 11). Gentle agitation with an ordinary pipette will separate 
them. Consequently, depending upon how the blastomeres happen to lie 
with reference to each other, one or two or more blastulae of correspond- 
ing size will develop from them. If however, the hyaline membrane is 
present the blastomeres even if slightly separated will unite to form a 
slightly irregular but perfect larva (Fig. 12). In this form the cell bridges, 
even if the hyaline layer is present, may easily be observed in the two 
or four cell stage by using the slight pressure of a cover-slip placed upon 
a drop of sea w^ater containing eggs. Those with fertilization membrane 
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Fig. 12. Showing development in sea water of eggs deprived mechanically of 
fertilization membrane but with hyaline membrane intact. The dash shows the plane 
of the first cleavage furrow. The blastulae are slightly irregular. The X indicates 
cells giving rise to micromeres. 


removed mechanically but with hyaline membrane intact show beautiful 
primary and secondary cell bridges. The spinning activities ’’ of cells 
at the four and eight cell stages are very easily followed in such pre- 
parations (Fig, 13). If the hyaline layer is absent cell bridges are easily 
visible after the first, second, or third divisions. 



Fig. 13. Showing cell bridges, a) and b), successive drawings of the same egg. 
The fertilization membrane has been removed by pipetting and the hyaline membrane 
ruptured by slight pressure from the cover slip, c), The same, showing spinning 
activites of the Uastomeres. d). Another eight cell stage showing cell bridges. 
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Since the first two blastomeres are easy to separate it is a simple 
matter to study the relation of the first cleavage plane to the plane of 
symmetry of the embryo. Any one of several methods of separation may 
be used (Fig. 14). An easy separation is made by removing the newly 



Fig. 14. Illustrating the methods of studying micromere formation in eggs 
having only the hyaline membrane, a), b), and c), mechanical separation of the 
first two blastomeres with a glass needle, d), the two blastomeres stained with 
nile-sulphate-blue can clearly be distinguished from the other two. 


formed fertilization membranes with a small bore pipette, as described 
above, and later when the first division is complete, by cutting through 
the hyaline membrane and cell bridge with an ordinary glass needle under 
the binocular microscope.* If the eggs in the two cell stage are put into 
calcium-free sea water the separation is easier but the cells of later stages 
also separate from each other, making observations more difficult. If the 
fertilization membranes are dissolved by means of urea solution the first 
two blastomeres can also be easily separated by gentle agitation, and the 
segmentation of the two half eggs followed.'^^ 

The segmentation of Temnopleurus eggs is equal up to the sixteen 
cell stage when as a rule four micromeres appear at the vegetal pole, 
four macromeres lie at the center and eight mesomeres at the animal 
pole. However, the micromere formation is very variable in Temnopleurus. 
Micromeres may be split off at the third division (eight cell stage) or 
may be deferred until the fifth. They are recognized by their clear 
protoplasm which includes few yellow granules, as well as by their small 
size. Not only the time of appearance of the micromeres, but the number 
of them is variable. Since they represent material which is responsible 
for the invagination of the. blastula, and for the mesenchyme cells which 

^According to Plough**> it is very difficult to separate the blastomeres of Arhacia 
punctulcda even in calcium-free sea water by this method. The blastomeres of 
Paracenirotus lividus are easily separated in calcium-free sea water, but not in ordinary 
sea water, while those of Strongylocentrotus pnrpuratus and of Temnopleurus hard' 
wickii are easily separated in ordinary sea water. 
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secrete the skeleton, it is interesting to find this latitude of variation in 
their formation in Temnopleurus. My studies based on the distribution 
of the micromeres between the daughter cells of 'the first two blastomeres 
show that the first cleavage may divide the future embryo symmetrically 
into right and left halves, or into dorsal and ventral halves or into animal 
and vegetal halves, or it may divide the future larva in any intermediate 
plane, i. e. obliquely with respect to the micromere-forming material. I 
used the well known method of staining one blastomere with a nile-sulfate- 
blue agar plate while the eggs were otherwise undisturbed within their 
membranes (Fig. 14, d). In this way the daughter cells of the first two 
blastomeres could easily be distinguished. The results were the same as 
with- the other methods. The actual number of daughter cells from both 
of the first two blastomeres was absolutely constant for each stage, i. e. there 
were always eight cells at the third division or sixteen at the fourth, what- 
ever their size or appearance. No attempt was made to find the percentage 
of variation from the most usual, but in order to be sure that the experi- 
mental eggs were not injured they were followed to the stage of swimming 
blastulae. All the eggs from a given female tended to divide in the same 
way. If we call the two first blastomeres A and B, then Table 2 will 
show the variability of Temnopleurvs with respect to its segmentation. 


Table 2. 



Number of micromeres j 

Remarks 


A 

B 


Eight cell stage 

! 0 

0 

Even division 


1 

0 

1 micromere, 7 larger cells 


2 

0 



2 

2 


Sixteen cell stage 

0 

0 

Micromeres in 32'cell stage 

1 

0 


1 

1 



2 

0 



2 

2 



3 

1 



3 

2 



3 

3 



4 

0 

Vegetal and animal halves 


4 

1 



Driesch’s early observations on the development of 1/2 blastomeres 
are easily repeated here. If the blastomeres of an egg are completely 
separated each will produce a blastula. But if one blastomere is killed 
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and both are held in a fertilization membrane, then the living one will 
produce an open blastula instead of a normal ball shaped one (Fig. 15). 



a be 


Fig. 15. Showing the formation of the open blastula when 
one of the first two a), b), or one of the first four blastomeres has 
been killed within the fertilization membrane, c). 

III. 

It remains for other investigators to make a thoroughgoing study of 
the development of the echinoid element in the pluteus of Temnopleurus, 
This form is very suitable for such a study, since its culture is so easy. 
I put into each clean finger bowl about 20 vigorous plutei and 50 cc. of 
sea water freshly drawn in glass from the surface of the bay. I kept 
the bowls covered with glass plates, and transferred the plutei to clean 
bowls of fresh sea water every day. The plutei ate small algae and grew 
very well. About ten days after fertilization they developed a third pair 
of arms between the oral and the anal pair (Fig. 16 and Fig. 17). At 



Fig. 16. Twelve day old pluteus showing the beginning of the 
lateral pair of arms. Actual length excluding arms is 0.34 mm- 

this stage and thereafter their color was transparent green (Fig. 18). 
Later four ciliated epaulettes appeared at the base of the four large arms 
(the lateral and the anal pairs) (Fig, 19). These epaulettes are heavily 
ciliated and extend out at the sides, moving the larvae rapidly through 
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int. 


la. 


Fig. 17. Showing further growth of lateral arms. 


int. 

la. 


Fig. 18. Aboral view of a larger pluteus. From top to tip of 
longest arms, 0,78 mm. 

the water. They now swim with all arms hanging down, so that viewed 
from the top the larvae appear rectangular. At the same time the fourth 
pair of arms (the second oral pair) develop. The echinoid element is 
visible from about the time the third pair of arms appears (Fig. 20). 
Unfortunately I left the station before metamorphosis actually occurred 
but in some of the larger plutei the echinoid ’element was so far developed 
that the characteristic adult markings and color were plainly seen through 
&e transparent green larvae. All drawings were made from life with 
camera lucida. The preserved and mounted specimens while showing all 
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Fig. 19. Oral view showing lateral, arms complete and the ciliated 
epaulettes partially developed. Also the beginning of the second pair of 
oral arms. 



Fig. 20. A month old pluteus, showing the echinoid element greatly 
developed and the arms and the ciliated epaulettes fully developed. 
Oral view, total actual length, 3.0 mm. 


the parts, never give a correct idea of what the living plutei are like, 
when cultured or taken in the plankton net. 

In conclusion I wish to thank Dr. Hatai and the members of the 
Asamushi Station staff for their hospitality and kindness. 
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ABBREVIATIONS FOR ALL FIGURES. 

a.j anus. 
a.a., anal arm. 

a. 5r., aboral branches, 
fl.c., anal connective. 
alg.y algae. 

b. r.y body rod. 

. dv.c.j dorsoventral connective. 

. e.e.y echinoid element, 
ep.y ciliated epaulettes. 
inty intestine. 

La,, lateral arm. 
m., mouth. 
o.G., oral arm. 
o.a.r., oral arm rod. 
oes., oesophagus. 

o. f,, oral flap. 

p. , pigment. 

$k,, skeleton. 

s.o.a,, one of the second pair of oral arms. 
st,, stomach. 



STUDIES ON ACID OF THE BODY FLUID FROM 
AN ASCIDIAN, CHELYOSOMA SIBOJA OKA“ 


By 

Sataro Kobayashi-^ 

Biological Institute, Tdhoku Imperial University, Sendai, Japan 
(Witli 1 figure) 

(Received October 22, 1933) 

INTRODUCTION 

A high acid reaction in the body fluid or in the tissue is not only rare 
in the tunicates but also in animals in general. 

M. Henze (1911) has first reported the presence of acid reaction in 
the blood of an ascidian, Phallusia mamillata, found at Naples in the 
Mediterranean. He (1912) analysed the plasma and corpuscle separated 

SO 

from its blood and obtained the following ratios of — 

Blood corpuscle Plasma Sea water 

2.55 0.0558 (A =2.14) 0.1171 (A =2.20) 

Henze concluded from the above, that the acid reaction of this blood 
due to. the presence of free sulfuric acid in the corpuscle which amounts 
to ca. 3^/0 (0.6 N.), is not present in the plasma. 

Another ascidian, Ascidia atra, which also presents an acid reaction 
was found by S. Hecht (1917) at Bermuda in the Atlantic Ocean. He, 
however, demonstrated merely the presence of an acid reaction in the 
blood corpuscles but not in the plasma by testing with litmas paper. 
Hecht was prevented to perform the quantitative analysis of this blood, 
owing to obtain the insufficient quantity for this purpose. 

In a later investigation, M. Henze (1913) showed the presence of 
sulfuric acid in the mantle fluid of Ascidia mentula. 

Chelyosoma siboja Oka is one of the large solitary fixed ascidians with 
the cartilaginous test commonly found in Mutsu Bay near the Marine 
Biological Station. 

This species lives on a sandy or muddy bottom, 20-30 fathoms deep, 

Contribution from the Marine Biological Station, Asamushi, Aomori-ken, No. 105, 

-n am greatly indebted to Prof. S. Hatai in reading and criticizing the manuscript, 
and to Mr. S. Sawano for the use of the apparatus. 
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attaching its base to stones or dead shells. The diameters of a medium 
sized specimen at the syphon plate measures 7.5 cm. x 5.0 cm. and 12.0 cm. 
in height. From a cut surface of the test, a brown coloured body fluid, 
containing the corpuscles drips out, which gives a strong acid reaction 
when tested with the pH indicator (thymol blue). 

By gently pressing the body, even 40-50 cc. of the fluid may be 
collected from the cut-surface when the specimen was large. Under the 
microscope two kinds of corpuscles are readily visible ; the green pigmented 
cells with the spherical granules, 10 p- in diameter, and the large non- 
pigmented cells, 50 p in diameter. 

This w^ork was undertaken at the Marine Biological Station at Asamushi 
during the summer of 1933, to determine the nature and amount of 
acid contained in the body fluid in Chelyosoma siboja Oka and the results 
so far obtained are presented in this report. 

MATERIAL AND METHOD 

The materials were collected by a dredge net, four miles off the station 
and were kept in a pool. 

The following determinations were performed of the body fluid : — the 
amount of the corpuscles in volume, the freezing point by the Beckman’s 
thermometer, hydrogen ion concentration by the hydrogen electrode, total 
acidity by titrating with 0.1 N. NaOH by phenolphtalein, quantitative 
chemical analysis of some anions in relation to its acidity, and the electro- 
metric titration of the fluids. 

The amount of the corpuscles was measured by centrifuging the fluid 
for 20 minutes, which rotates 3000 per minute. 

For the quantitative analysis of anions related to the acid radicals, the 
following methods were employed: Whitehorn method for CF, Young- 
BXJRG’s method of inorganic phosphate for PO 4 '''', and for the determination 
qf inorganic SO 4 '', the protein in the body fluid was removed by pre- 
cipitating with tungustic acid by the method of Foun and Wu. The 
^Iphate in the protein free filtrate was precipitated as benzidine sulphate 
by the procedure of Kahn and Lieboff and then titrated volumetrically 
with 0.02 N. NaOH. 

The determinations measured above were performed on the body fluid, 
the plasma, the fluids obtained from the corpuscles by plasmolysis after 
freezing or adding distilled water. 

The body fluid collected from 10-13 individuals was employed for each 
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analysis and a cut was always made at the ridge on the posterior end of 
the ascidian. 

The fluid was drawn into the glass vessel attaching the cut-surface on 
the wall of the vessel. 

From 100-130 cc. fluid thus collected, the first 10 cc. was used to 
measure the volume of the corpuscles, and another 10 cc. was diluted with 
distilled water to 100 cc. in the volumetric flask for the analysis. The 
remainder was centrifugalized to separate the corpuscles suspended in the 
fluid. The plasma thus separated was used for further analysis. 10 cc. 
of the sedimented corpuscles \vere diluted with distilled water to 100 cc. 
in the volumetric flask and the remainder of the coi'puscle was freezed 
to obtain the corpuscle fluid. In these analysis, the centrifugalized cor- 
puscles were not washed, owing to prevent the diffusing out of acid into 
the wash-medium. 

The fluids thus preparated, were filtered before use. The sea water 
was collected for analysis where the ascidians were found. 

The electrometric titration was performed both in the plasma and in 
the ten-fold dilution with distilled water of the corpuscle. 

EXPERIMENTAL RESULTS 

1. Determination of the volume of the corpuscle^ Freezing point 
depression, Hydrogen ion concentration, Total acidity, 
and Quantitative analysis of CV, SOf' 
and inorganic phosphorus. 

As will be seen from Table I and IV, the volume of the corpuscles 
contained in the ascidian fluid is found to be ca. 40?^. The freezing point 
depression is 2.02 in the plasma and 2.05 in the corpuscle, while that 
of the sea water is 1.98. The ascidian fluids are thus found to be either 
isotonic or hypertonic against sea water. 

It was found that the plasma gave pH 1.80 and the corpuscle, pH 
0.39. The pH of the ten-fold diluted fluid of the corpuscle gave pH 1.27 
and that of the body fluid, pH 1.33, indicating that the acidity of the 
latter is less than the former. 

It is interesting to note in this connection that the pH of the sea 
water was found to be 8.2 by the indicator method (thymol blue). 

The total acidity was found to be 0.027 N, in the plasm, 0.36 N. in 
the body fluid, 0.88 N. in the corpuscle-fluid obtained by the fr^zing 
method and 0.82 N. in the corpuscle-fluid by dilution with distilled water. 
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Table I. 


Case of ' No. of ; 
experi- ; indivi- 
ment duals j 

Volume 1 
concen- | 
tration of | 
corpuscle- i 


c 

End c 

Acidity 

SO4 g. 

Cl g. 

anic 

lorus 

in 

cc. 

\ 

^ ..<1 

O cn <3 

,5 0) 

^ o f-i 

pH 

Nor- 1 
malifcvi 
" i 

in 

1000 cc- 

in 

1000 cc. 

• 0 
bfio 

§ ^ 
iHJ.. 



Plasma 1 

3.03 

1.67 

0.033j 

4.87 

17.55 

4.9 * 

I 11 ' 

42.4 •' 

Body fluid i 

1 

1.54 

0.35 

20.35 

10.28 

4.8 

Corpuscle j 
(diluted) i 

— 

1.17 

: 

0.80 ’ 

45.36 

0.11 

2.0 

i 

i 

1 

Corpuscle j 
(freezing) j 

— 

0.41 


0.88 

47.47 

3.13 

4.8 


; Plasma 1 

1 

3.08 

1.80 

i 

0.026 

4.56 

18.79 

3.6 

n v2 1 

i 

i 

Body fluid | 

__ 

1.56 


0.35 

23.04 

10.65 

3.9 


Corpuscle 
(diluted) 1 

■ 

1.35 

1 

0.89 

49.92 

0.10 

2.1 



Corpuscle j 
(freezing ) 1 

— 

0.36 

i 

0.9S 

55.29 

1.77 

3.4 



Plasma 

2.11 

1.78 

1 

O.OSli 3.95 

18.01 

4.2 

HI ' 13 

i 

41.7 

Body fluid 

— 

1.50 


0.36 

23.60 

10.63 

4.1 

Corpuscle 

(diluted;- 

— 

1.39 


0.84 

42.24 

0.]3 


1 


Corpuscle 

(freezing) 

— 

! 0.51 


0.90 

! 54.72 

1 

2.30 

3.8 

1 1 


Plasma 

i 1.98 

1 

1.93 


0.022 

j 4.90 

17.60 

4.3 

l j 

IV • 13 

40.0 

Body fluid 


1.34 


0.35 

18.33 

10.28 

4,1 

Corpuscle 

(diluted) 


1.20 

0.78 

45.12 

0.13 

1.9 

1 


1 Corpuscle 
i (freezing) 

1 

0.44 

0.82 

48.96 

2.02 

4.3 

i 


! Plasma 

j 1.98 

1.78 

O.OSli 6.53 

17.60 

4.3 

V j 10 

! 

1 

1 37.0 

1 Body fluid 

1 — 

1.59 

0.40 

22.08 

10.63 

3.7 

i Corpuscle 

1 (diluted) 

— 

1.24 

0.79 

45.60 

1 0.10 

1.5 

1 

1 

1 ' Corpuscle 

1 (freezing) 

— 

0.31 

0.80 

47.53 

2.48 

3.6 

Sea j 

water ! 

i 

1 ■“ 

1.98 

8.2 

-- 

2.66 

19.14 

Trace 


All these values obtained frona the ascidian fluids given above are 
higher than those found from the sea water. The values of the hydrogen 
ion concentration and of the total acidity arrange in the following order 
of magnitude: 

Corpuscle Body fluid > Plasma. 
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Among the anions which are expected to be related to acidity in the 
ascidian fluid, SO 4 was lowest (4.96 g. in 1000 cc.) in the plasma, highest 
(50.79 or 45.65 g. in 1000 cc.) in the corpuscle-fluids and the medium 
value (21.46 g. in 1000 cc.) was given by the body fluid. The amount of 
SO4 given by the corpuscle-fluid formed by distilled water was slightly 
lower (45.65 g. in 1000 cc.) than those formed by the freezing method 
(50.79 g. in 1000 cc.). The SO 4 of sea v/ater (2.66 g. in 1000 cc.) was 
found to be decidedly lower than those formed in all the ascidian fluids 
given in the above. Cl was highest (17.99 g. in 1000 cc.) in the plasma, 
lowest (2.14 or 0.12 g. in 1000 cc.) in the corpuscle-fluids and the medium 
value (10.49 g. in 1000 cc.) was given by the body fluids. The amount 
of Cl given by the corpuscle formed by distilled water (0.12 g. in 1000 cc.) 
was found to be remarkably lower than those formed by the freezing 
method. The Cl of the sea water (19.15 g. in 1000 cc.) was found to be 
usually higher than those in all the ascidian fluids. 

The SO4 and Cl contents of the ascidian fluids, compared with those 
of the sea water are shown in Table II. 


Table IL 



SO 4 in ascidian fluid 
SO 4 in sea water 

Cl in ascidian fluid 

Cl in sea water 

Plasma 

1.86(l'.71-2.46) 

0.94 (0.91-0.98) 

Body fluid 

8.82(7.65-10.65) 

0.66 (0.54-0.56) 

Corpuscle fluid 
(10 fold diluted) 

17.17(15.88-18.77) 

0.11 (0.09-0.13) 

Corpuscle fluid 
(freezing) 

19.10(17.76-20.46) 

0.006(0.006-0.007) 


The data in the bracket denote the extremity of the determinations. 

SO 

The ratios between ‘ obtained from the ascidian fluids and from 

the sea water at Asamushi are shown in Table III. 

Table III. 


SO'i 

Ratios of • • in the ascidian fluids and sea water. 



Corpuscle fluid 

Body fluid 

Plasma 

Sea water 

Henze 

2.55 

— 

0.0558 

0.1171 

Writer 

20.14 (freezing) 
333.7 (plasmolysis) 

1.86 

i 

0.231 

0.1158 
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The phosphorus content in mg. in 1000 cc. was determind to be 4.2 
in the plasma, 4.1 in the body fluid, and 3.9 in the corpuscle-fluid by freez" 
ing. The corpuscle fluid caused by plasmolysis with distilled water gave 
a lower value (1.9 mg. in 1000 cc.) than that of plasmolysed by the freezing 
method as were the cases found in the determination of SO4 and CL 
Accurate determination of the sea water is difficult owing to the ap- 
pearance of the yellow colour. The results obtained are summarized in 
Table IV. 


Table IV. 



A 

pH 

Total 

acidity 

SO 4 g. in 
1000 cc. 

Cl g. in 
1000 cc. 

P mg. 
in 

1000 cc. 

Plasma 

- 2.02 

(1.98-2.08) 

1.80 

(1.67-1.98) 

0.027 N 
(0.021-0.034) 

4.96 

(4.87-6.63) 

17.99 

(17.50-18.79) 

4.2 

(4.9-3.6) 

Body fluid 

i 

1.54 

(1.44-1.59) 

0.36 N 
(0.35-0.40) 

21.46 

(18.33-23.50) 

10.49 

(10.28-10.65): 

4.1 

(4.80-3.7) 

Corpuscle 

(diluted) 


1.27 

(1.17-1.39): 

0.82 N 
(0.78-0.89) 

45.65 

(42.24-49.92) 

(O.lO^flS) 

1.9 

(2.0-1.5) 

Corpuscle 
(freezing) j 

-2.05 

vl. 98-2. 14) 

0.38 

(0.26-0.51) 

0.88 N 
(0.82-0.98) 

50.79 

(47.47-54.72) 

2.14 

(1.77-2.48) 

q Q 

(4.8-3.4) 


The data in the bra^iket denote the extremity of the determinations. 


2. Eledrometric titration of the ascidian fluids 
using hydrogen electrode. 

In this experiment, the writer attempted to determine qualitatively the 
degree of change in acidity of fluids during the course of the titration 
by a strong base 0.1 N. NaOH, and also the nature of acid responsible 
for this reaction. 

The ten-fold diluted fluid of the corpuscle with distilled water and non 
diluted centrifugalized plasma fluid were prepared for the electrometric 
titration. 

These fluids so prepared were filtered and 10 cc. of each sample titrated 
with the standard strong base solution 0.1 N. NaOH, noting the change 
of pH immediately after a definite amount of titration solution was added. 
0.1 N. sulfuric acid was also titrated with 0.1 N. NaOH for comparison. 

The data of pH change of the ascidian fluids against the cc. of the 
standard base solution and of 0.1 N. sulfuric acid are shown in Table V 
and plotted in Fig. 1. 
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Fig. 1. Titration curves of ascidian fluids as compared with that of 
0.1 N. sulphuric acid, obtained by hydrogen electrode. 



As"will be seen from Table V and Fig. 1, before the titration the 
hydrogen ion concentration in these three acid fluids and solution are 
pH 1.45 for the corpuscle fluid, pH 1.74 for the plasma and pH 1.15 
for 0.1 N. sulfuric acid. 

Qn titrating the ascidian corpuscle-fluid the change of the hydrogen 
ion concentration is very slight and only slowly reaches the point of pH 
3.0 even when a large amount of the standard base solution is added. 
When, however, the reaction changes to pH 3.0, subsequent change be- 
comes very rapid even when a very small amount of the solution added 
and reaches pH 7.0 or neutralization point. The same phenomenon just 
mentioned takes place with the titration of sulfuric acid. 

In the ascidian fluids we find that from pH 7.0 to pH 11.0, a sharp 
increase of pH is prevented by some substances formed following the 
titration, which repress the ionization of the base and thus differs from 
the titration of 0.1 N. sulfuric acid. With the plaana fluid, the beginning 
value of pH is higher and the subsequent changes of pH are very rapid 
with a small addition of the base as with the former two cases, but at 
Ihe point of pH 10, the titration with the large amount of the strong 
base solution did not produce any remarkable change of pH, probably 
due to the buffer action of this fluid. . . . 
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Table V, 


cc. of 0.1 N. NaOH 

pH value 

Plasma 

Corpuscle 

0.1 N. H 0 SO 4 

0.00 

1.74 

1.45 

1.15 

0.50 

1.88 

— 

— 

1.00 

1.91 

1.50 

1.20 

1.50 

2.33 

— 

— 

1.75 

3.09 

— 

— 

2.00 

6.04 

1.55 

1.25 

2.40 

8.76 

— 

' — 

2.70 

. 9.32 

— 

— 

3.00 

9.64 

1.72 

1 1.39 ’ 

3.50 

9.78 

— 

— 

4.00 

9.86 

1.79 

1.43 

4.50 

9.93 

' — 

— 

5.00 

10.03 

2.09 

1.67 

6.00 

10.08 

I 3.26 

1.66 

7.00 

10.12 

3.14 

— 

7.50 

— 

8.81 

— 

8.00 

10.17 

9.62 

2.04 

8.50 

— 

9.91 

2.28 

9.00 

— 

10.98 

2.38 

9.50 

— , 

11.22 

2.70 

9.80 

— 

— 

3.31 

10.00 

— 

11.38 

— 

10.10 

— 

— 

7.80 

10.25 

— 

— 

10.34 

10.50 

— 

11.64 

10.77 

11.00 

— 

11.82 

11.15 

13.00 

— 

11.90 

11.30 

13.00 

— 

11.96 

11.50 


From these results, the curves of the ascidian fluid obtained by this 
method may be considered as essentially the same with that obtained 
from the titration of the strong acid with the strong base. It is therefore 
coududed that the high acidity found in the ascidian plasma and corpuscle 
is due to a presence of the strong acid and not a weak acid nor the 
mixture of these acids. 


SUMMARY 

The above experiments show that the osmotic pressure of the ascidian 
fluids is almost equal to or slightly higher than that of the sea water, 
and the acidity is high in the corpuscle, low in the plasma, and the body 
fluid stands between them. 

The SO4 contents of the ascidian fluid show the same order as with 
the relation found in acidity but the Cl contents show the reverse order ; 
that is, low in" the corpuscle-fluid and high in the plasma. 
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Phosphorus content is found to be equal in the three different kinds 
of the ascidian fluids and the amount of phosphoric acid estimated from 
the inorganic phosphorus actually found would be too small to be accounted 
for strong acidity of the ascidian fluids. 

The above findings are further supported by the results obtained from 
the electrometric titration of the ascidian fluids. 

The concentration of sulfuric acid in the ascidian fluids is equivalent 
to 0.88 N. or 4.3?^ in the corpuscle-fluid, 0.36 N. or 1.8^ in the body 
fluid and 0.027 N. or 0.13^ in the plasma. 

The SO 4 contents • of the ascidian fluids are always greater and its 
Cl contents always less than that of the sea water, especially in the 
corpuscle. 

The phosphorus contents of these fluids are found to be very high 
compared with that of the sea water. 

SO 

Although the ratios between - in the sea water at Asamushi agrees 

with that of the Mediterranean sea water at Naples, hut those obtained 
from the ascidian fluid show a remarkable difference in the ones living 
in Mutsu Bay [Chelyosoma siboja Oka) compared to the other living in 
the Mediterranean {Phallusia mamillata). 

REFERENCES 

1. Folin, O. and Wu, H. 1919. A system of blood analysis. Jour. Biol. Chem., VoL 38, pp. 
81-110. 

Z. Hecht, S. 1917. Physiology of Ascidia atra Leuseur. Americ. Jour. Physiol., Vol. 45, 
pp. 157-187. 

3. Henze, M. 1911. Untersuchungen tiber das Blut der Ascidien. I. Hoppe-Seyler’s Zeitsch. 

f. physiol. Chem., Vol. 72, pp. 494-501. 

4. Henze, M. 1912. Untersuchungen iiber das Blut der Ascidien. 11. ibid., Vol. 79, pp. 

215-228. 

5. Henze, M. 1913. Untersuchungen iiber das Blut der Ascidien. III. ibid., Vol. 86, pp- 

340-344. 

6. Kahn, B. C. and Leiboff, S. L. 1928. Colorimetric determination of inorganic sulphate in 

small amount of urine. Jour. Biol, Chem., Vol. 80, pp. 623-629. 

7. Whitehorn, J. C. 1921. A system of blood analysis. Jour. Biol. Chem., Vol. 45, pp. 449- 

460. 

8. Youngburg, G. E. and Youngburg, M. V. 1930. Phosphorus metabolism. Jour. Lab. 

Clin. Medic., Vol. 16. pp. 158-166. 




THE DIAGNOSES OF THE POLLEN OF FOREST TREES. 
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Descriptions, atlases and keys of the pollen of European and American 
plants for use in pollen-analysis have been published by Dokturowsky 
and Kudrjaschow^\ Erdtman®\ Meinke^\ Sears'^\ etc. However, more 
or less incompleteness is found in their descriptions and illustrations, and 
it is of great importance to have a precise investigation of the pollen of 
our living plants before entering on pollen-analytical studies of peat or 
related materials of our country, to which little attention has hitherto been 
directed'’'^ 

Since I have been working along this line, I intend to describe and 
illustrate here for purposes of pollen-analysis the diagnostic characters of 
the pollen of the main forest trees of Japan. Some cultivated trees of 
exotic origin were also investigated for reference. 

Most of the material on which this study is based were obtained by 
myself from the city of Sendai and its environs, Mt. Hakkoda and Saghalin, 
and I am indebted to Dr. S. Akabayashi, head of the Sendai Forestry 
Office, by whose kindness I was enabled to obtain much valuable material 
from the garden of the Office and state forests at various spots in our 
country. Acknowledgments are also due to Dr. A. Kimura^ Dr. S. Fuji* 
SHIMA, Dr. S. Chuhachi, Dr. E. Sawano, Dr. Y. Toryu, Dr. Y. Hori- 
KAWA, Mr. M. Kono, Mr. K. Nagashima, Mr. Y. Momiyama and many 

O Contributions from tbe Mt. Hakk6da Botanical Laboratory. No. 19. 

3) Dokturowsky, W., and Kudrjaschow, W., (1923). Schllissel zur Bestimmung der 
Baumpollen im Torf. Geol. Arch., 3, 180. 

Erdtman, G., (1924). Beitrag zur Kenntnis der Mikrofossilien in Torf und Sedimenten. 
Arkiv for Botanik, IS, 14:1. 

^)Meinke, H., (1927). Atlas und Bestimmungsschltissel zur Pollenanalytik. Bofan. Arch.^ 
19, 380. 

SeaRs^ P. B., (1930). Common fossil pollen of tbe: Erie Basin. Baton. Gaz.^ S9, 95. 

Recently, T. Yamazaki published an atlas of tbe pollen of a number of plants, both 
woody and herbaceotBy found in woods and moors in Saghalinj [J?cp. Exper. Forest Kydto 
Imp. Univ,, 5 (1933)] 
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other gentlemen, for their kind assistance given in collecting material. 

I -wish to express my cordial thanks to Prof. Dr. Y. Yoshii, under 
whose direction this work was made. 

Methods. 

Dry pollen grains set free from the anther are generally shrunk or 
collapsed. Round pollen often assumes a cup-shape, half of the surface 
being sunken. They swell up when put into water or glycerine, the strongly 
swelling intine^^ playing a great role in it, so that those which have a thin 
exine and no pores often burst. 

On the other hand, the fossil pollen found in peat is empty as a rule, 
consisting only of the exine preserved after the protoplasm and the intine 
have decayed. The empty pollen found in preparations made from peat 
in the usual way^^ is not so swollen as the fresh pollen simply mounted 
in water, glycerine or related media. 

For the purpose of the present work it is essential to describe the 
pollen in a state similar to the preparations made from peat. 

In this connection, I found that fresh pollen in general can easily be 
emptied by treating with concentrated hydrochloric acid for a very short 
time: Fresh pollen grains are put into a drop of the acid on a slide, 
then the acid is evaporated by gentle heating and neutralized by addition 
of a drop of about 10 per cent solution of potassium hydroxide. After 
heating the slide to make the drop evaporate to dryness, the pollen grains 
are moistened with glycerine and then investigated. The pollen grains thus 
treated are almost empty in general, without showing any change even 
in the minute structure of the exine. The intine is destroyed, as a rule, 
by this treatment. It seems to me that fresh pollen treated by this 
method can practically represent the fossil one in the preparation. 

Description. 

The present description refers to the pollen taken from living plants 
exclusively, dealing only with the exine. 

The size of the pollen of a single species is more or less variable and 

detect the intine, an aqueous solution of ruthenium red is very useful, staining it 
very well. Methylene blue can also be used instead. The minute structure of the exine 
can sufficiently be observed without any stain. 

4:^^ We usually digest the matesrial of peat with a solution of potassium hydroxide and 
mount it in glycerine- 
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here the range of variation found in the scope of my investigation is shown. 
In pollen of compressed or elongated shape, the diameter at the equator 
is given. 

So called expansion folds mean lens-shaped thin-walled areas in the 
exine, such as are found for example in Quercus, They are usually folded 
up in shrunk pollen, so that the pollen looks rather tripetalous-flower-shaped 
in polar view in the case of Quercus, etc. 

Species given below the generic name are those investigated. 

As a rule, distinction between species within a genus is impossible ; 
sometimes even different genera cannot be distinguished as in Cupressaceae. 

Taxaceae 

TAXUS 

Taxus cuspidata Sieb. et Zucc. var. ambraculifera 

Making 

SHAPE: roundish tetrahedron (without pores). SURFACE: very finely reti- 
cular (rather indistinct). SIZE: 20 — 28 p in diameter. 

TORREYA 

Torreya nucifera Sieb. et Zucc. 

SHAPE: roundish*^ (without pores). SURFACE: very finely reticular (rather 
indistinct). SIZE: 24 — 30/^ in diameter. 

Cephalotaxaceae 

CEPHALOTAXUS 

Cephalotaxus drupacea Sieb. et Zucc. 

SHAPE: roundish*' (without pores). SURFACE: with very small granular 
protuberances. SIZE: 25 — 82 p in diameter. 

Pinaceae 

PINUS 

Pinus densifiom Sieb. et Zucc. ; — pentaphylla Mayr. (z’x. 

; — pumila Regel (ItcAio) ; — Thunbergii Parl. 

SHAPE: ellipsoid, with two roundish AIR SACS attached to both ends 


■’^-The distinct polyhedral character such as^ in Taxus cannot be ascertained here. 
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of the '' ventral '' side, (without pores). The EXINE is thickened on the 
''dorsal” side. SURFACE: finely reticular on the “dorsal” side, smooth 
on the “ ventral ” side ; the surface of the air sacs is roughly reticular. 
SIZE: 60 — ^85/^ in length (including the air sacs), the longer axis of the 
pollen proper exclusive of the air sacs is 40 — long and the shorter 
axis 30 — 50 /-e. 


PICEA 

Picea jezoemis Carr. (x. i o) ; var. hondoensis Rehd. (t: i o^) ; 

— polita Carr, (ittj i^). 

Identical with Pinus except for larger size — 100 — 120 p in length (includ- 
ing the air sacs), the longer axis of the pollen proper is 75 — 90 fi long 
and the shorter axis 60 — ^75 p. 


ABIES 

Abies firma SiEB. et Zucc. (i^) ^ — Mariesii Mast, i i: lo); 

— Mayriana MiYABE et Kudo i L'io). 

Identical with Picea and Pinits, except for still larger size — 125 — 140 p 
in length (including the air sacs), the longer axis of the pollen proper is 
85 — 105 p long and the shorter axis 75 — 90 p. The sculpture on the 
surface is more rough in Abies than in Picea, corresponding to the 
difference in the size of the whole pollen ; it is the case also between 
Picea and Pinus. 


TSUGA 

Tmga diversifolia Mast. — Sieboldii Carr. 

SHAPE: compressed sphere, with a girdle of AIR SAC around the equa- 
tor; differentiation into “dorsal” and “ventral” sides is found, the 
ventral side is smaller in area than the “ dorsal ” and sinks in dry 
state so that the whole pollen then appears cup-shaped, (pores are lacking). 
SURFACE: the whole surface is covered by relatively small sharp spines ; 
the “ dorsal ” side shows winding wrinkles forming crack-like grooves, it is 
the case also on the “ ventral ” side but not so conspicuous ; the air sac 
shows only sparse narrow wrinkles. SIZE: 55—100/^ in diameter at the 
equator (including the air sac). 

LARIX 

Ijm%' E0mpfefn Sarg. 



POLLEN OiF FOREST TREES 


291 


SHAPE: roundish (without pores) ; cup-shaped in dry state. The EXINE is 
thickened in a narrow band equatorially at the edge of cup-shaped dry 
pollen, frequently convex one of the two parts of surface bordered by the 
thickening is further halved by another similar thickening. SURFACE: 
almost smooth. SIZE: 75 — 95/^ in diameter. 

PSEUDOTSUGA 

Pseudotsuga japonica Beissn. ( $ it ^). 

Identical with Larix in the main, but here the SURFACE is finely reticular 
(rather indistinct) and the SIZE is 90 — 110;^ in diameter. 

Taxodiaceae 

CRYPTOMERIA 

Cryptomeria japonica D. Don ('f 

SHAPE: spherical; cup-shaped in dry state with a pore situated at the 
centre of the concave surface. PORE: 1, surrounded by a ligulate projec- 
tion from the exine. SURFACE: with very small granular protuberances. 
SIZE: 30 — 35/^ in diameter. 


SCIADOPITYS 

Sciadopitys verticillata SlEB. et Zucc. {ii* i k 
SHAPE: spherical (without pores). SURFACE: covered by jrregular nodular 
protuberances except for a smooth round area less than a half of the 
whole surface — the smooth area sinks in dry state the whole pollen being 
cup-shaped. SIZE: 35 — 40/^ in diameter. 

CUNNINGHAMIA 
Cunninghamia sinensis R. Br. 

SHAPE: spherical (without pores). SURFACE: with very small granular 
protuberances. SIZE: 30 — 38/^ in diameter. 

Cupressaceae 

CHAMAECYPARIS 


Chamaecyparis ohtusa Serb, et Zucc. — pisifera Sieb. et 

Zucc. C^lt^). 
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JUNIPERUS 

Juniperus chinensis L. LAj); conferta Parl. rigida 

SiEB. et Zucc. 


THUJA 

Thuja Standishii Carr. 

THUJOPSIS 

Thujopsis dolabrata Sieb. et Zucc. 

The pollen of those genera of Cupressaceae is identical with that of 
Cunninghamia, viz, — SUAVE: spherical (without pores) ; SURFACE: with 
very small granular protuberances ;* SIZE: 27 33 p in diameter in Cha- 
maecyparis, 21 — 26 p in Juniperus^ 25 — 30 p in Thuja, and 30 35 p in 
Thujopsis?^ 


Betulaceae^^ 

ALNUS 

Alnus alnobetula Hartig var. fruticosa WiNKL. ; — 

firma SiEB. et Zucc. var. multinerma Regel i) ; — japonica 

Sieb. et Zucc. — tinctoria Sarg. ; var. 

glabra Call. 

SHAPE: tetragonal or pentagonal, sometimes hexagonal, in polar view, 
elliptic in equatorial view. PORE: 4, 5 or 6 corresponding to the shape, 
situated at the angles, projecting. The EXINE appears dichotomous at the 
edges of the pores in the section. SURFACE: finely reticular (rather 
indistinct). SIZE: 20 — 30 p in diameter. 


U Exotic species investigated, Thuja occidentalism, (U (i and T, orientalis L. 

Llt)j form pollen quite similar to this species. 

It is obvious that it may be impossible in pollen-analysis to identify the pollen- of those 
genera of Cupressaceae, Cunninghamwy Torreya and Cephalotaxus, which has no remarkable 
character and, moreover, can easily be broken due to the thin wall. 

Photomicrographs of the fossil pollen of some European trees taken by E. C. Wassink 
IRecueil des travaux botaniques neerlandais, 29 (1932), p. 15 £f.] are to be referred to, 
with regard esp^^y to that of Betula, Corylus, Ulmus, Tilia and Fagus, of which characteri- 
stics are clearly represented in them. . . 
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BETULA 

Betula Ermanii Cham. var. communis Koidz. ; — lati folia 

KoM. 

SHAPE: trigonal (very rarely tetragonal) in poiar view, elliptic in equatorial 
view. PORE: 3 (or 4), situated at the angles, projecting. The EXINE ap- 
pears dichotomous at the edges of the pores in the section. SURFACE: 
finely reticular (rather indistinct). SIZE: 30 — 35/^ in diameter in Betula 
Ermanii var. communis and 20 — ^25 in B. latifolia. 

CORYLUS 

Corylus heterophylla Fisch. var. japonica Koidz. (It ; — rostrata 
Ait. var. Sieboldiana Maxim. Qooix tiX^X 
SHAPE: trigonal in polar view, elliptic in equatorial view. PORE: 3, situated 
at the angles, slightly projecting. The EXINE looks gradually thickened 
towards the edges of the pores, showing no distinct dichotomous edges — 
this character of the exine is of diagnostic value ih distinguishing the 
pollen of Corylus from that of Betula. SURFACE: finely reticular (rather 
indistinct). SIZE: 25 — 30 in diameter. 

CARPINUS 

Carpinus carpinoides Making (< i LT) ; — laxi flora Blume 
— yedoensis Maxim. dt). 

SHAPE: roundish in polar view (with projections at the pores), elliptic in 
equatorial view. PORE: 3 or 4, sometimes 5, situated on the equator 
in equal distances, projecting. The EXINE is relatively thin in a uniform 
thickness throughout. SURFACE: finely reticular (rather indistinct) . SIZE: 
25 — 35 y- in diameter. 


OSTRYA 

Ostrya japonica Sarg. 

Identical with Carpinus (23 — 23 p in diameter). 


Ulmaceae 

CELTIS 


Celtis sinensis V'ms. 

SHAPE: circular in polar view, elliptic in equatorial view. PORE: 3 (rarely 
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4), situated on the equator in equal distances. The EXINE is a little 
thickened at the edges of the pores. SURFACE: finely reticular (rather 
indistinct). SIZE: 24— 30/« in diameter. 

ULMUS 

Ulmus japonica Sarg. — parvifolia Jacq. 

SHAPE: roundish — rather tetragonal or pentagonal (sometimes hexagonal) 
— in polar view, elliptic in equatorial view. PORE: 4 or 5 (sometimes 6), 
situated at the angles. The EXINE is not much thickened at the edges 
of the pores. SURFACE: very roughly wrinkled or very roughly reticular, 
SIZE: 23 — 33/^ in diameter. 


ZELKOWA 

Zelkowa serrata Making 

SHAPE: tetragonal or pentagonal Jn polar view, elliptic in equatorial view. 
PORE: 4 or 5 correspondihg to the shape, situated at the angles. The 
EXINE is considerably thickened at the edges of the pores. SURFACE; 
very roughly wrinkled. SIZE: 35 — ^40/^ in diameter. 

Tiliaceae 

TILIA 

Tilia japonica SiMK. 

SHAPE: roundish in polar vieW’ — often rather trigonal, a pore being 
situated at the middle of each side; elliptic in equatorial view. PORE: 
3, oblong, situated on the equator in equal distances. Under the exine 
is found the particularly persistent intine which is much thickened inside 
the pores, a hollow cavity in connection with the pore appears enclosed 
in the thickening. SURFACE: very finely reticular. SIZE: 30— 37/i in 
diameter. 

Fagaceae 

FAGUS 

Fa^ crenata Blume ; — japonica Maxim. 

SHAPE: roundish in polar view, elliptic in equatorial view. EXPANSION 

i>Aii exotic species investigated, Tilia Miqueliana MKSim, is the same as 

this sp^es m pollen chaxactm^. 
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FOLD: 3, long. PORE: 3, situated at the middle of expansion folds. The 
EXINE is thickened at the edges of the pores. SURFACE: punctate. SIZE: 
32 — 45 in diameter. 


QUERCUS 

Quercus acuta Thunb, 1) ; — acutissima Carr. (<w^*); — cm- 

pula Blume ; — dentata Thunb. (:&*Llt),* — myrsinaefolia 

Blume V) ; — serrata Thunb. ( i tc ?> ). 

SHAPE: roundish in polar view, elliptic in equatorial view. EXPANSION 
FOLD: 3, long. PORE: 3, situated at the middle of expansion folds. 
SURFACE: punctate. SIZE: 23 — 55 p in diameter. 

CASTANEA 

Castanea crenata Sieb. et Zucc. (< ^)). 

SHAPE; roundish in polar view, elliptic in equatorial view. EXPANSION 
FOLD: 3, long. PORE: 3, situated at the middle of expansion folds. 
SURFACE: smooth. SIZE: 10 — 16/^ in diameter. 

Salicaceae 

POPULUS 

Populus Sieboldii MiQ. 

SHAPE: spherical (without pores). SURFACE: punctate. SIZE; 23 — 30 
in diameter.- 


SALIX 

Salix Bakko KimJRA ; — inte^a Thunb. ; 

— Reinii Franch. et Sav. ; — sachalinmsis Fr. Schm. {tc 

; — vulpina Anders. 

SHAPE: roundish in polar view, elliptic in equatorial view. EXPANSION 
FOLD: 3, long. PORE: 3, situated at the middle of expansion folds; 
pores are sometimes inconspicuous. The EXINE tends thinner and the 
reticulation on the surface finer towards the edges of expansion folds. 
SURFACE: reticular. SIZE: 14 — 25/^ in diameter. 


^^An exotic species investigated, Populus pyramidalis Sausb., is identical with this 
species in pollen characters. * 
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Aceraceae 

ACER 

Acer japonicum Thunb. var. typicum Graf v. Schw. (It t ^ 

-p^L Thunb. var. typi^m Graf v. Schw. subv. 7 ^" ^ 

SlEB. et Zucc. (5 9 ;-sptcatom 

Lam. var. ukunindumse Maxim. - Tschmoskit Maxim. 

SH^L^rlundish in polar view, elliptic in equatorial view. EXPANSION 
FOLD- 3 long PORE: 3, situated at the middle of expansion folds, 
p»<»' are sometimes inconspiceous. The EXINE tends tMnner towards 
the edges of expansion folds. SURFACE: with fine wrinkles running, m 
general, towards the poles. SIZE: 18-28 in diameter. 


EXPLANATION OF PLATES XI AND XII. 

Magmfication of figures is x580. In those marked with * the section is also 
shown in combination. 

Fig. 1. — Taxus cuspidata. 

Fig. 2, — Pinus densifLora: a, lateral view*; b, dorsal view. 

Fig. 3. — Tsuga diversifoliai a, lateral view*; 6, dorsal view . 

Fig. 4. — Larix Kaempferi. 

Fig. 5. — Cryptomeria japonica. 

Fig. 6- — Sciadopitys verticillata. 

Fig. 7. — Chamaecyparis obtusa. 

Fig. S. — Alniis japonica: a, polar view; b, equatorial view; c, equatorial section. 

Fig. 9. — Betula Ermanii var. communis: a, polar view; b, equatorial view ; c, equa- 

torial section. 

Fig. 10. — Cbry/us heterophylla var. japonica: a, polar view; 6, equatorial section. 
Fig. 11. — Carpinus carpinoides: a, polar view; 6, equatorial section, 
pjg^ 12. — Celtis sinensis: a, polar view; b, equatorial section. 

Fig. IZ. — Ulmus japonica: cl, polar view; 6, equatorial section. 

Fig, 14. — Zelkowa serrata: a, polar view; b, equatorial section. 

Fig. 15. — TUia japonica: a, polar view*; b, equatorial view. 

Fig. 16. — Fagus crenata: a, polar view; 6, equatorial view^>, c, equatorial section. 
Fig. 17. — Quercus acuta: a, polar view*; b, equatorial view. 

Fig. IS. ^ Castanea crenata: a, polar view*; b, equatorial view. 

Jig. 19. — Salix vulpina: polar view*. 

Fig. 20. — Acer Tschonoskii: polar view*. 


t>The hidden part of the contour of the pore is shown on purpose. 
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ON THE SEASONAL AND VERTICAL DISTRIBUTION OF 
THE PLANKTON OF AOMORI BAY* 

By 

Seiji Kokubo and Tadashi Tamura 

The Marine Biological Station^ Asamuski, Japan 
(With thirty-one figures) 

(Received November 6, 1933) 

1) INTRODUCTION 

The present study is the sequel to our recent paper entitled “ A 
quantitative investigation of the plankton of Aomori Bay, as studied com- 
paratively by pump and net collection” (1931). In the previous paper it 
was demonstrated that the mean quantity (from surface to bottom) of the 
plankton of Aomori Bay varied from 16 cc. to 529 cc. per cubic meter 
of water during the period 1929-1930. It was also pointed out that 
plankton nets of ordinary type made of No. 25 gauze is quite unsuitable 
for quantitative study. As regards vertical distribution, data were then 
insufficient to state conclusively whether it shows regular seasonal changes. 
Since then the work has been extended with the object of studying the 
quantitative change covering a longer period, and to secure data for the 
genercilization of the law, if present, of the seasonal change of vertical 
distribution. 

The data presented in the present investigation includes 29 observations, 
which were taken during May (1931) to December (1932). 

Before entering the subject we wish to express grateful appreciation 
to The Saito Gratitude Foundation (Saito Hoonkai) by whom a portion 
of the expenses incurred in this work has been defrayed. We are also 
very grateful to Prof. S. Hatai under whose supervision the present work 
has been carried out. 


2) METHOD 

The collections were made in the same way as that employed in the 
previous work except that in the present case the pump only was used. 


■^'Contribution from the Marine Biological Station, Asamusbi, Aomori-ken. No. 106. 
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TKg pinnp collGctions were msidc 3.t ii fixed stcition tibout L mile of! coust 

where the depth measures about 31 meters. The collections and observa- 
tions were made twice a month, 30 litres of watei fiom depths <>l 0, Z, 
4, 6, 8, 10, 15, 20, 25 and 30 meters respectively were taken at ('ach 
collection. The water thus collected was filtered through No. 25 gaii/.e, 
and the plankton was then fixed by adding 3?'^ of fonnalin('. The; volume 
of the plankton was read after allowing it to .settle for about 2'1 hours. 
The result was converted into volume per cubi(‘ meter of water, lo 
express the representative value of each observation the volume read for 
each depth was averaged, thus enabling quantitative comparisons of different 
months to be made regardless of the vertical distribution. 

All hydrographical observations were made by using the ordinai-y 
method. The dissolved oxygen, for instance, was mea.surcd by Winki.ek’s 
method, the pH by thymol blue and the water colour by Fouei.’s scale 
and so forth. 


3) HYDROGRAPHICAL CONDITIONS 
I) Temperature 

According to the investigations so far made (Hatai & Kokuuo 1928, 
Kokubo & Tamura 1931, Kokubo 1932, Kokubo 1933) it is now certain 
that the thermic character of Aomori Bay is of warm temperate in its 
biological nature. The daily observations which have been made at the 
pier of the Marine Biological Station, thrice daily, shows that the highest 
temperature of the monthly mean (August) fluctuated from year to year 
between 21.93° and 25°, 37°C., the mean being 24.0(i°C. over a pcjriocl of 
5 years (1926-1930). The lowest temperature of the monthly mean 
(February) fluctuated between 4.20°C. and 5.94°C. over a similar period. 
To what extent the monthly mean deviates from the mean vahu; of th<i 
corresponding month can be seen from the following table. Although 
the annual difference of temperature when corresponding months were 
compared is very marked, nevertheless the annual means give a very slight 
difference of 0.95°C. even the two extreme values were contra.sted. 

Coincident with the monthly change shown above the temp(>ratures 
observed during 1931 and 1932 in the present investigation (Table I A) 
show also the maximum and minimum temperature in August and in 
February respectively, but are a little higher in 1931 than in 1932. This 
trend of water temperature is reflected similarly in the air temperatui-e. 
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that of 1931 was also higher than in 1932. 

Looking through Table I A one will note that the water temper 
shows a vertical distribution in spite of the fact that the depth o 
observation station was only 31 meters. This may be due to the pi 
graphical conformation of the bay where the waves subside almost as 
as the wind ceases, and where there is no current .strong enoug 
bring the direct influence of oceanic currents. Consequently the si 
temperature is soon influenced by the air temperature thus forming 
or indirect stratification. Though the change due to depth is not so 
ing its stratification can clearly be seen. In both years the indirect 
fication was observed during the period from October to April, whi! 
direct stratification was found during the period from April to Augi 

It is always found in the case of fresh water lakes that the diffc 
of temperature between surface and bottom water is larger in 
stratification than in indirect stratification. In Aomori Bay we foun( 
in the case of the direct stratification the maximum difference of teri 
ture between the upper and lower layers was 4.5°C. (August 15, ' 
averaging 1.9"C., whilst the difference in indirect stratification was. 
(Jan. 19, 1931) in maximum with a mean value of 0.7T. 

It seems then that the thermic condition of Aomori Bay shows a c 
similar to that of fresh water lakes. The period from Jan. to April ( 
was the period of winter stagnation. After a spring circulation 
occurred in between April 14, and May 1, the thermic condition i 
into the summer stagnation. The summer stagnation continued til 
September, and the harvest circulation appeared between Septeml) 
and October 16. From this on till early-May the winter stagnatic 
been observed, and the spring circulation again appeared between 
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3 and April 16 (1932). After this circulation the thermic condition changed 
to that of the summer stagnation which ended in the autumn and mani- 
fested winter stagnation after making a harvest circulation. This (^ycle 
change seems to repeat from year' to year. 

II) Specific Gravity 

It is now well established that the specific gravity of the surface water 
of Aomori Bay shows remarkable seasonal changes, the lowest value being 
recorded in April and the highest in September. This was first reported 
by Hatai and Kokubo (1928) as a result of their observations made 
during 1926. Approximately the same results were obtained during the 
succeeding four years (Kokubo, 1933). Again we found a similar pheno- 
mena both in 1931 and in 1932 (Table I A). 

Though the surface water exhibits this regular seasonal change the 
same does not always hold good in the water at a depth of five or moix', 
meters. Variations in the specific gravity of the deeper part se(Mii to 
depend upon the atmospheric disturbance of water by the wind. In 1931, 
for instance, the decrease of specific gravity on May 1 and July 1 extended 
to the bottom and therefore caused a corresponding change in the deep 
layer. While in 1932 no such phenomenon was observed. The decrease 
of specific gravity on April 16, for instance, was restricted to the surface 
layer. The extreme decrease in specific gravity which was found on 
August 19 was a temporary change due to the heavy downpour of rain 
on that day. 

Besides the seasonal change above mentioned there is a distinct ix^gular 
vertical distribution at all seasons, showing that the specific gravity increase's 
with the depth. Although such tendency physical law, hut it may h(' 
remarkable to find it in comparatively shallow water where the diff(M'(mc(‘ 
of density between surface and bottom water is very slight. 

Ill) Dissolved Oxygen 

The amount of dissolved oxygen in one litre of water ranged from 
4.46 cc. to 7.42 cc. in 1931 and from 4.18 to 7.53 cc, in 1932. In both 
those years the lowest contents were found at a depth of about 30 meters 
while the highest content was found in the 5 to 10 meter layer. This 
distribution would suggest that in the upper layer where diatoms flourish 
the oxygen is produced by photosynthesis while in the bottom layer oxygen 
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is consumed ont only by zooplankton but also by benthos. As will be 
seen in Table I the mean value of the 15 observations made in 1931 and 
1932 shows a regular decrease of oxygen content from 10 meters down- 
ward. When considered seasonally the highest content was observed in 
spring (April 14, in 1931 and March 20 in 1932) and the lowest content 
in summer (Sept. 1 in 1931 and August 19 in 1932). 

As expressed in terms of percentage saturation it ranged from 76.2 
(Sept. 1) to 11.9 (July 1) in 1931 and from 72.7 (Aug. 19) to 105.3 
(Mar. 20) in 1932. Looking at the figures in Table I, we are at once 
struck by the fact that the saturation of over 100^ is observed in cases 
when the volume of plankton incrccised. In 1931, for instance, the 
maximum quantity of plankton (653 cc. per cubic meter) was observed on 
June 16, and a high saturation of oxygen was found from then on. In 
1932, moreover, when the highest saturation, 103.6 (March 10), was 
observed the volume of plankton showed the enormous value of 1672 cc. 
per cubic meter of water. In the next succeeding observation made on 
March 20 a similar relation was recorded. The regularity of the ratio 
between the oxygen content and the plankton volume may be accounted 
for by the fact that the bulk of plankton in the above cases consisted 
of pelagic diatoms which produce the oxygen by photosynthesis. 

With a view to ascertaining the amount of oxygen saturation due to 
diatoms Marshall and Orr (1930) made a study in Loch Striven. Their 
results show that during the spring increase of Diatoms (about 100,000 
cells per 22 cc. of water) a saturation of over 120?^ was often attained 
at a depth from 0 to 5 meters. The maximum saturation found by them 
on April 6, 1928 was 138 when the Diatoms were as many as 199,000 
cells per 20 cc. of water. According to Yoshimura and others (1930) 
who studied the oxygen saturiition of the water of Aburatsubo Bay a 
high saturation of 139 was observed on Aug. 24, 1930. In our study 
such an ’ extreme value has not been met with in spite of the fact that, 
according to the vegetation of Diatom’s in Aomori Bay is very active as 
compared with other netitic areas of Japan (Kokubo 1933). The lowest 
saturation in Yoshimura’s observations (1930) was 73?^ (Nov. 18, 1928), 
showing a close approximation to that of the present investigation (72.7?^). 
Recently Rekestraw (1933) studied the oxygen saturation of the water of 
the Gulf of Maine in August, 1932. His results give excellent references 
in regard to the degree of oxygen saturation as well as its vertical distribu- 
tion. According to his data the oxygen saturation of the 1 meter layer 
is mostly around 100^. With the increase of depth it gradually increases 
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reaching the maximum at about 20 meters, hrom this depth downwaid 
the saturation decreases reaching a saturation of 63-68% at a depth of 
more than 200 meters. This state of distribution is of much interest 
when considered in relation to the vertical distribution of plankton 
organisms. 

In the water of an aquarium, in which the fish are kept the change 
of oxygen saturation show a very wide range of variation. Kokubo (1933) 
found that in the normal condition of seawater aquaria the saturation 
decreases down to ca. 2494. Under natural conditions in the open sea a 
saturation of less than 50 9^ can not be expected. A decrease of satura- 
tion under natural conditions up to 7394 is thought to be due to an active^ 
biological oxydation. 


IV) Change of pH 

The pH of the water of Aomori Bay was studied by Kokubo (1932). 
It was found that during the years 1929 and 1930 the pH of sea water 
ranged from 8.00 to 8.30. The annual mean was 8.21 in 1929 and 8.19 
in 1930. During the period of the present investigation the range of the 
change of pH again varied between 8.00 and 8.30 showing values similar 
to 1929-1930. The annual mean was 8.21 in 1931 and 8.22 in 1932, 
showing a close approximation to the figures of 1929-1930. 

In 1931 there were two periode of increase in the volume of phyto- 
plankton, the first from Feb. 28 to Apr. 14 and the second on June 16. 
Contrasted with these increases there was a marked decrease on May 31 
and on Dec. 23. In spite of such changes the pH showed almost the 
same value as the annual mean (8.21). The lowest value (pH 8.15) was 
found on May 1 when the volume of plankton approximated the annual 
mean, the highest value (pH 8.25) occurred on Nov. 14 when the plankton 
volume became about one fourth of the annual mean. 

In 1932 the maximum vegetation of Diatoms was observed on the 2nd 
and 10th of March. No indication of this vegetation has been found in 
pH, although, in the latter case, only a slight rise has been observed. 
The highest and the lowest values of this year were respectively 8.3 and 
8.00, observed on April 16 at different depths when the volume of 
plankton attained its minimum. 

It is generally expected that there is a parallel between the pH and 
the volume of phytoplankton. This is because the photosynthesis of pelagic 
plants deprives water of CO 2 , so that the increase of phytoplankton 
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raises the pH and vice versa. On the other hand the respiration of zoo- 
plankton decreases the pH of water by increasing the CO 2 tension in 
water. Besides photosynthesis and respiration increase or decrease of 
salinity also affects the pH of water. Generally water of high salinity 
has a high pH and the water of low salinity a low pH. In water of low 
salinity the pH is highly variable due to the decrease of buffer of salts. 
Accordingly in water of low salinity the pH is largely affected by the 
photosynthesis or respiration of plankton. 

Though the parallel between the pH and the volume of plankton was 
clearly observed in the study of the preceding two years (Kokubo, 1932) 
no regular relation has been found in the present study. It may be pos- 
sible, after making further investigations, to explain the course of this 
disturbance. 


V) Colour and Transparency of Sea Water 

Kokubo’s investigations during 1929-T93() revealed that the seasonal 
change of the colour of the water of Aomori Bay, as measured by Forel’s 
scale, ranged between No, 3 and No. 9. In the present investigation, 
however, the range was found to be more limited. In 1931 it ranged 
between Nos. 4 and 6 while in 1932 it ranged between No. 4 and No. 
5. Comparing these values with those of the preceding two years (No. 

4.4 and No. 4) it can be seen that the readings of the scale in the suc- 
ceeding two years are a little lower than those of the preceding years. 

If scale reading were to rise in strict relations to the increase of 
phytoplankton as is usually thought, the readings of 1931 should be lower 
than those of 1932. Because the volume of plankton, the bulk of which 
consisted of Diatoms, was in 1932 far greater than in 1931. But the 
results showed some discrepancies, the readings in 1932 being a little 
lower than those in 1931. From, these results it will be noticed that the 
scale reading may be disturbed by still other factors than increase or 
decrease of phytoplankton, such as the contamination of water due to wind 
etc. 

Compared with the results of the preceding two years, in which the 
transparency varied widely, from 2.5-24. meters, the range of change in 
the present investigation was found to be much less. In 1931 it ranged 
from 5 to 20 meters with a mean of 10. meters. In 1932 it ranged from 

7.5 to 14 meters, the mean being 11.4 meters. The maximum reading in 
1931 was found on Jan. .19, measuring 20 meters when the volume of 
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plankton decreased to the minimum value of 16 cc. When the phyt()i)lank- 
ton reached the maximum value of 653 cc. per cubic meter of water the 
transparency dropped to a value of only 7 meters. The minimum value 
of 5 meters was observed when the plankton was moderate in (luanlity. 
Moreover relatively low values were observed even when the plankton 
volume was less. 

Again in 1932 the highest value, 14 meters, was observed when the 
plankton showed its minimum increase, and the lowest value of 7.5 meters 
for the maximum vegetation. At the same time several cases which indr 
cate some slight discrepancies from the general tendency of reciprocal 
fluctuation were found. It can, therefore be said that the reciprocal changi^. 
of these two values is a regular one, but slight changes may occur due 
to certain other factors. 

4) RESULTS OF OBSERVATION 

Observation I (Table I B., Fig. 1) 

(May 1, 10,00-10.45 a.m., 1931) 

The bulk of the material obtained consisted of Diatoms, represented 
by Chaetoceras. CL Schuttii was most abundant among 15 species identified 
in 0 meter. In the 15 meter layer were found ca. 11 species of Diatoms, 
but less abundance of CL Schuttii and a great abundan(!(^ of zooplankton 
such as Dinoflagellata, Copepoda and its naupli were shown. The 30 meter 
layer was inhabited mainly by Bacteriastrum sp., CL decipiens, CL SchuUii, 
etc., similar as in the 15 meter layer. Thus the distribution of species 
differs in different depths. 


Table I B. 


Depth 

Sur- 




8m 







Vol. 
pi. (c.c) 

face 

2m 

4 m 

6m 

lOm 

16m 

20m 

26m 

30m 

Mean 

Actual catch 
per cubic m. 

1.9 

2.8 

4.4 

5.2 1 

5.8 

6.8 

6.0 

6.5 

6.6 

7.0 

6.69 

by conversion 

63.27, 

98.24 

146.62 

173.16 

193.14 

193.14 

199.80 

216.46! 

183.16 

233.10 

169.60 


The vertical quantitative distribution is shown in Table I B and in Fig. 
1. From Fig. 1 it is clear that from 0 to 8 meters the abundance of 
plankton increased with the depth, and from 8 meters downwards is nearly 
uniform. 
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Fiir. 1 . 



Ordinate — volume of plankton (per <*uhi(‘ meter of water) in cc. 
Ahseissa — depth in meter. 


Observation 11 (Table 11 A., Fig. 2) 

(May 13, 9.50-10.40 a.m., 1931) 

The material collected from 0-20 meters showed a light cotton-like 
condition with a light green colour, while the material from 25-30 meters 
looked brownish. The species of Dicitom which formed the bulk of surface 
material was represented by CL debile, Ch. Schnttii, CL decipiens, and 
Bacteriastrum sp. The fifteen and thirty meters layers exhibited almost 
similar conditions to the 0 meter layer, except that in the material from 
30 meters a great deal of mixed debris was found. Besides the above 
Diatoms there were found naupli of Copepoda, several species of Dinofla- 
gellata, 3 species of Tintinnoinea, larvae of Polychaeta and Gastropoda. 


Tabi.e II A. 


Vol. of 

Depth 

Sur- 

face 

2nii 

4it) 

Oil) 

8n) 

10, „ 

15)1) 

20, u 

25in 

30)), 

Mean 

pi. (o.c) 












Actual 

catch 

3.0 

2.8 

3.0 

3.0 

3.4 

3.7 

3.8 

4.0 

3.6 

4.0 

3.43 

per cubic m. 












By conversion 

99.96 

93.24 

99.99 

99.99 


123.2 

1 

126.64 

133.20 

119.88 

133.20 

114.22 


Fig. 2. 


140' 

120' 

100. 

00- 


( 

10 20 ao 


The vertical quantitative distribution showed a slight tendency to in- 
crease in volume from 6 meters downwards. 
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Observation III (Table HI A., Fi^. 3) 

(May 31, 9.40-10.20 a.m., 1931) 

The quantity of plankton was very much less than in May 13. Ihe 
species likewise showed a marked change, Chaetoceras which dominated 
the previous collection being found decreased (Table III A). Replacing 
Chaetoceras, in 0 meter layer, Thalassiothrix and Rhizosolenia appeared. 
In the 15 meter and 30 meter layers Cosdnodiscus, Pkurosigma, and 
Ceratium were found. 


Table III A. 


Depth ] 
Vol. of ! 

Sur- 

face 

1 

o 

; 4tn 

6m 

8m 

10m 

15m 

20, D 

25,n 

30m 1 

Mean 

pi. (c.c) 

Actual catch 

0.2 

! 0.3 

1 0.5 j 

0.7 ! 

i 0.7 

0.7 

0.7 

0.8 

0.6 

0.8 

0.60 

per cubic m. 
By conversion j 

i 

6.66 

j 9.99, 

i ! 

i 16.65, 23.31 

I 

23.31 

23.31 

23.31 

26.64 

19.98 

26.64 

i 19.98 

1 


Fig. 3. 



The quantitative vertical distribution (Fig. 3) showed rapid increase 
from 0 to 6 meters but from 6 meters downwards, the distribution was 
almost equal. 

The quantitative vertical distribution (Fig. 3) shows that from 0 to 6 
meters the plankton relatively rapidly increase, from 6 meters downwards, 
however, the distribution was almost equal. This mean value found was 
smallest throughout the whole period of the present investigation. 

Observation IV (Table IV A., Fig. 4) 

(June 15, 9.20-10.00 a.in., 1931) 

Contrary to the marked decrease which was found in the previous 
observation the present collection showed a remarkable increase. The 
species appeared have also been found altered. The materials were re- 
presented by Diatoms, especially by Ch. Schuttii, Rhizosolenia hebetata, 
Rhizosolenia hebetata, Thalassiothrix nitzschioides being next in abundance. 
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Table IV A. 


Depth 

Vol. of 

Sur- 

face 

2m 


ern 

8m 

lOn, 

15m 

20m 

25m 

30„, 

Mean 

pi. (c.c) 



__ 



- 

— 

— 

. - - 


— 

Actual catch 
per cubic m. 

.30.0 

17.0 

20.0 

: 26.0 ! 

i 

22.5 

30.0 

34.5 

15.5 

7.5 

4.0 

19.70 

By conversion 

099.00 

set). 10 

006.60' 

S65. 80 749.25 

099.99 

Sl.5.85 

516.15 

239.75 

133.20;t)52.55 


Kr- 1- 



The quantitative vertical distribution showed a distinct difference from 
that of the preceding experiments. The distribution between 0 and 10 
meters was very irregular", hut from 10 meter downwards a tendency of 
rrrpid decrease was observed. 

Observation Y (Table V A., Fig. 5) 

(.luly 1, 9.30-10.15 a.m., 1931) 

The plankton again showed a decrease. The species of Diatoms almost 
the same as in the previous observation, Ch. Schiittii, Ch. decipiens, and 
Rhizosolenia hebetata being found through the whole depth. Chaetoceras 
which showed the greatest abundance showed a marked decrease. Nitz- 
schia seriata, Rhizosolenia alata, and Pleurosigma sp. were much restricted 

Table VA. 


Depth 1 

Sur- 

face 

2m 1 

4m 1 

6m 

Sni 

10m 

15m 

<5 

25 m 

30m ' 

Mean 

pi (e.c) , 


1 

t 


, . I 






Actual catch , 
per cubic ra. 

8.6 : 

7.2 

i 6,2 

i 5.6 

2.0 

2.1 

2.2 

2.2 

2.5 

3.1 

4.16 

By conversion 

286.38 

239.76' 

206.46 

j 

183.15 

66.66 

69.93 

73.26 

73.26 

83.25 

103.23 

138.53 

1 
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to the deep layer. Zooplankton such as Peribinium, Ceratium, Copepoda, 
larvae of Copepoda and Polychaeta, and Fritilaria were also found, but 
in a very low abundance. 

Fig. 5. 



Observation VI (Table VI A., Fig. 6) 

(July 15, 9.30-10.10 a.m., 1931) 

The quantity of plankton is less than in the previous collection. The 
species appeared showed no remarkable change as compared with the 
previous case. The leading species were Rhizosole^iia alata, Rhizosohnia 
bedetata, Thalassiothrix nitzschioides, etc. The species of zooplankton 
were also much the same as in the previous observation. 

Table VIA. 


Depth 











Moati 

Vol. 
pL (c.c) 

face 

o 

4m 

Otn 

8 m 

10m 

15 m 

20m 

25m 


Actual catch 
per cubic m. 

1.0 

1 

1 

1.0 

0.8 

1.0 

0.8 

0.8 

0.8 

1.0 

0.0 

0.7 

0.85 

By conversion 

j 33,32 

33.33 

26.04 

33.3;i 

26.64 

26.61- 

26.61 


19.1)8 


28.32 


Fig. 6. 



Observation VII (Table VII A., Fig. 7) 

(August 1, 10.00-10.50 a.m., 1931) 

The plankton showed an increase since the previous collection. The 

Diatoms invariably predominated the bulk of plankton. The leading 
species were Chaetoceras sociale, Thalassiothrix nitzschioides, etc. Ch. 
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decipiens, Rhizosolenia Stolterfothii, Hemiaulus sp., Coscinodiscus sp, etc. 
were also found. Among the zooplankton Goniaulax^ Ceratium, Peridinium, 
nauplius of Copepoda, Tintinnus^ Undella etc. were common. 


Table VII A. 


VoL 
pi. (c.c) 

Sur- 

face 

2 m 

4m 

6m 

8m 

10 m 

15m 

20m 

25m 

30jn 

Mean 

Actual catch 

1.8 

2.5 

3.0 

3.1 

2.9 

2.6 

4.5 

2.8 

2.9 

2.4 

2. 85 

per cubic m. 












By conversion 

59.94 

83.25 

99.99 

103.23 

96.57 

86.68 

149.85 

93.24 

96.57 

79.92 

O-i.Ol 


Fig. 7. 



Observation Vlll (Table VIII A., Fig. 8) 

(August 15, 9.30-10.15 a.m., 1931) 

The plankton increased slightly as compared with the previous observa- 
tion. Chaetocems sociale was the first in abundance, Thalassiothrix being 
the next From 15 meters downwards were mainly crowded by Ch. 
didymum, CK debile, Ch. Schiittii, Dactyl :osolen tenuis, Thalassiothrix 
nitzschioides, etc. Zooplanktion were comparatively scanty and were re- 
presented by Ceratium, Peridinium, Goniaulax, Tintinnopsis, Oikopleura, 
Fritilaria, Copepoda, etc. 


Table VIII A. 


Depth 

Vol. of 
pi. (c.c) 

Sur- 

face 

2 m 

4m 

6m 

8m 

lOm 

15in 

20m 

25m 

30m 

Mean 

Actual catch 
per cubic m. 

2.6 

3.0 

4.2 

6.0 

3.6 

4.0 

4.0 

4.8 

3.6 

4.5 

3.91 

By conversion 

83.33 

i 

99.99 

139.99 

166.66jll6.66 

133.32 

133.32 

159.98 

119.99 

149.99 

130.32 


From 0 to 6 meters an increasing tendency was shown, but from this 
downwards no definite tendency has been observed. 
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Fig. 8. 



Observation IX (Table IX A., Fig. 9) 

(September 1, 9.00-10.15 a.m., 1981) 

In thw collection the specimen.s obtained from the uppei- .sho\v(;d 
a cotfondike appearance while that from bottom layer .showed a dense 
powder-like condition. The former mainly consisted of several species of 
Chaetoceras i. e. Ch. debile, Ch, sociale, Ch. decipiens, Ch. Schuttii, Ch. 
dtdymum, etc. The latter consisted of spine-less diatoms c. g. Thalas.siosira, 
Rhtzosolema, Thalassiothrix, Coscinodiscus, Climacodium, Hemiaultis 
avicula, etc Zooplankton consisted of Ceratium, Peridinhm, Tintinnus, 
Parafavella, Copepoda, Oikopleura, larvae of Copepoda and Polychaeta. 

Table IX A. 


Depth 

Sur- 

1 ! 



1 


1 

Vol. of 
pl._ (c.c) 

face 

2iii 4m i 

j 1 


8m 

10m 1 lOrn | 20m 

i 1 

2^)m 

1 

*(0iii 1 M(5an 

Actual catch 
per cubic m. 

7.5 

! 1 

9.0 9.0 ! 

8.0 

7.8 

ti.s ;!.(! 1 1.7 

1.2 

i 

1 

By conv.er$ion 

349.75299. 70i2;)9.70266.40 

L- ! i 

259. 74| 

216.4r)|n9.HSj 5(i.(il| 

1 I 1 


29.97 is;i. 82 


Fig. 9, 



A sudden decrease was found between 15 and 30 meters, 


Observation X (Table X A., Fig. 10) 
(September 16, p. 30-10.20 a.m., 1931) 


Ch Mile and Ch. sociale which were the leac 
ous collection have quite disappeared though c 


species in the previ- 

species remained 
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unchanged. The species which showed the highest abundance were CA, 
Schuttii and Ch, didymum^ followed by Rhizosolenia and Dactyliosolen, 
Of the zooplankton collected Goniaulax inhabited the layer from the surface 
to middle la 3 ^er, while Peridiniurn, Copepoda, and Oikopleura were much 
more plentiful in the lower layer than in the upper layer. 



Table 

XA. 





Depth 

Vol. of 

pi. (c.c) • 

Sur- o '4 if. ! 0 
face ! 1 i 

; J " j 

1 

hn j lOju ! 


20, n 

1 

; ! 

1 

25rn j 

1 

30ni i Mean 

Actual catch 
per cubic m. 

! .-Ll! ! .9.0 [ ;5.5 ' fi.O : f 

! ! ' ' 

L 5 ' 5.4 

1 5.5 

1 

1 


5*. 5 

1 

;!.5 I 4.4;: 

By conversion 10fi.5e)119.8Sll«..55 199.S0il8:: 

! 1 ! ‘ ! 

5.15179.82 

1 

,18;5.15155.1S 

ll(i.65 

IKS.-W 147.42 


Fig. 

10. 







From surface to 6 meters a rapid increase was observed followed by 
a gradual decrease down to 30 meters. 


Observation XI (Table XI A., Fig. XI) 

(October 9.10-9.45 am., 1931) 

The bulk of the present collection was represented by Bacteriastrum 
which was less abundant in the previous collection. Besides the above 
species Thalassiothrix, Chaetoceras, and Asterionella were observed. 


Table XI A. 


Depth 

Vol of 

Sur- 

face 

1 ! 

ey \ 

.am 

4m j 

6„, 

, 1 
bin 

1 

lOni 

15m 

20m ^ 

26m 

1 

1 30m 

Mean 

pi. (c.e) 



. 







- 

Actual catch 
per cubic m. 

4.0 

4.0 

4.0 ! 

4.5 

4.0 

4,5 

! 

5.0 

5.0 

4.5 

4.6 

4.40 

By conversion 

133.20 

i.iii.aoiss.ao 

1 i 

149.85 

133.201149.85 

j 

166.60 

166.50 

1 

149.86* 

149.86' 

146.62 


Fig. 11. 
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Observation XII (Table XII A., Fig. 1 2) 

(November 14, 9.40-10.30 a.m., 1931) 

Since the preceding collection the quantity of plankton showed a 
prominent decrease. Bacteriastrum which showed a high abundance in 
the previous collection became fewer. Thalassiothrix nitzschioides, Bid- 
dulphia sinensis, and Bacteriastrum sp. were the main representatives of 
the Diatoms. 


Table XII A. 


Depth 

Sur- 




8„, 







Vol. of 

pi. (c.c) \ 

face 

2 m 

4m 

6m 

10m 

15nj 

20m 

2om 

•'50, „ 

M(uin 

Actual catch 
per cubic m. 

1.5 

1.5 

1.5 

1.4 

1.5 

1.4 

1.6 

1.2 

1.2 

1 1.1 

1.38 

By conversion 

49.95 

49.95j 

49.95 

46.62 

49.95 

46.62 

49.95 

39.96 

39.96 

36.63 

16.29 


Fig. 12. 



Observation XIII (Table XIII A., Fig. 13) 

(December 23, 9.40-10.30 a.m., 1931) 

The present collection showed a further decrease of plankton. Hut 
the species that appeared were almost the same as those of the priwious 
collection though a minor difference was found in the point that Coscino- 
discus which was seen only in the deep layer was found distributeil 
hroughout the whole depth. The vertical distribution was very eciual. 



Fig. 13. 
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Observation XIV (Table XIV A., Fig, 14) 

(January 21, 9.40-10.20 a.m., 1932) 


The present collection closely resembles that of the previous collection. 
Though a marked difference was noticed in the point that Merosira Bor- 
reri which was absent in the previous case appeared and was distributed 
abundantly throughout the whole depth. 

Table XIV A. 


' , Depth 

VoL of 

p]. (e.c) ■ i 

1 

Sur- 
f ace 



o 

4m 

()m 

S,n 

10,,, 


20, n 

20in 

30,11 

Mean 

Actual catch 
per cubic m. 

O.G 

0.f> 

0.7 

0.7 

0.0 

1 

0.7 

0.9 1 

0.70 

0.7 

1 0.8 

0.71 

By conversion 

19.9cS 

19.98 

23.31 

Oo *>1 
.*>1 

19. 9S 

23.31 

29.97 

24.98' 

23.31 

20.01 

23.48 


Fi-. 14.. 



In the present collection, too, th(‘ vertical distribution was veiy uniform. 
Observation XV (Table XV A., Fig, 15) 

(F<4)ruary 1, 9.30-10.10 a.m., 1932) 


The plankton showed a slight increase as compared with the former 
collection. The specimen obtained from 0 to 15 meters was light and cotton- 
like in appearance, while that from tbc‘ deeper layers were dense and powder- 
like. Unlike the previous collection Chaetoceras socials showed a domi- 
nance. The abundance of each species was, in order, as follows ; Biddulphia 
sinensis, Thalassiothrix nitzschioides, Coscmodiscus sp,, Thalassiosim sp,, 
Ditylium Brightwellii, etc. Of the zooplankton Ceratium furca, C. fursus, 
Oikopleura sp. and Copepoda have been noted. 

Table XV A. 


Depth 

Vol. of 
pi (c.c) 

Sur- 

face 

O 

*'rri 

4rn 

6m 

Bm 

10„. 

XGm 

20,11 

25(ri 

30, „ 

Mean 

Actual catch 
per cubic m. 

1.2 

1.2 

1.2 

1.0 

1.0 

1.0 

0.8 

0.8 

0.8 

1 

0.8 

0.98 

By conversion 

39. 9G 

39.90 

39.96 

33.33 

33.33 

33.33 

20,64 

20.64 

26.04' 

26.64 

32.63 
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Fig. 15. 



I> 10 Jl ! 


As in the former collection the vertical distribution was very even 
throughout the whole depth. 

Observation XVI (Table XVI A., Fig. 16) 

(February 15, 9.30-10.10 am, 1932) 

The increase of plankton has been pronouncedly noticed, probably 
suggesting the start of the spring flourishing of Diatoms. Ch. sociale and 
Ch. debile dominated throughout the whole depth. In place of Biddulphia, 
Corethron, and Ditylium which showed a moderate abundance in the pre- 
vious collection Coscinodiscus Janischii, Asterionella japonica etc. were 
found. 


Table XVI A. 


Vol of ' 
pi (cc) 


Depth 


Actual catch 
per cubic m. 
By conversion 


Sur- 


4ni 

6ai 








face 

2ni 

8„i 

10„. 

15ni 

20ni 

25, n 

:t0,„ 

Mean 

5.9 

1 8.8 i 

! 

5.8 

6.0 

6.0 

4.(5 

4.2 

1.5 

5.2 

(>.() 

6.60 

196.47 

293. 04j 

193.14 

166.60 

199.80 

153.18 

139.8(5 

149. 85j 

173.16 

199.80 

186. 48 


Fig. 16. 



TK ^ at 15 meters 

The distnbution became irregular as compared with the previous case. 


Observation XVII (Table XVII A., Fig. 17) 

(March 10, 9.30-10.10 a.m., 1932) 

The vegetation of Diatoms has now reached the maximum fiourishintr 
The speemens showed a light cottomlto appearance. The bl of The 
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species consisted of Ch, sociale and CL debile, other species e. g. Cosci 
nodiscus Janischii and Nitzschio seriata, etc. being next in abundance. 
As has been usually so zooplankton such as Ceratium, Copepoda, Oiko- 
pleura were found, but playing only a minor part. 


Table XVII A. 


Depth 

VoL 

Sur- 

face 

o 

-^rn 

liu 

6m 

s„, 

10 m 

15tu 

20tn 

25, u 


Mean 

pi (c.c) 







_ 

— 




Actual catch 
per cubic m. 

53.0 

53.0 

1 

1 

56.0 

58.0 

49.0 

■15.0 

45.0 

43.0 

52.0 

48.0 

50.20 

By conversion 

iniLSfj 

ntiLBO 

i8f)i.8n 

1931.10 

M.7C 

115S.50 

1198 50 

1131.90 

1731.60 

1598.10 

16V1.66 


Vig. 17. 



Very striking maximum and minimum have first been found since 1929. 
The quantitative vertical distribution was very irregular as the tabic shows. 

Observation XVIII (Table XVIII A., Fig. 18) 

(March 20, 8.45-9.30 a.m., 1932) 

The present observation was made 10 days after the previous collec- 
tion, with the result that the quantity of plankton decreased to a great 
extent within these 10 days. This seems to indicate the decline of spring 
maximum of Diatoms. As in the previous observation the dominating 
species were Ch, sociale and Ch, debile, with a decrease of Coscinodiscus 
Janischii. 


Table XVIII A. 


Depth 

voi 

Sur- 

face 

o 

4m 

6 m 

Bin 

10m 

15m 

20m 

25m 

30m 

Mean 

pi. ^(c.c)^ 


..... 

— 

. . . 

„ . , 

— 






Actual catch 
per cubic m. 

18.5 

20.5 

20.0 

18.5 

17.5 

17.0 

21.0 

19.0 

18.0 

18.0 

18.80 

By conversion 

616.05 

632.65 

666. 66616. 06j683.75 

666. 10^699.30 

632.70j599.40 

599.40 

626.10 
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Fig. 18. 


7t)l)' 
tioO 

(100- 
.150 

'' “D 80| 

The total collection decreased less than a half of the previous collec- 
tion. The vertical distribution was irregular. 

• Observation XIX (Table XIX A., Fig. 19) 

(April 3, 9.10-9.50 a.m.. 1932) 

A further decrease of the quantity of plankton was observed since the; 
marked decrease observed in the previous collection. The species appeared 
was almost the same as in the previous observation. 



Table XIX A. 




The vertical distribution was such that the volume from surface to 15 
meters was almost equal. From this downwards, however, a decreasing 

tendency has been observed. 


Observation XX (Table XX A., Fig. 20) 

(April 16, 9.40-10.45 a.m., 1932) 


The volume of plankton which was steadily decreasing since March 20 
reached a, final decrease, probably suggesting a forthcomming increase. 
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Of the species of Diatoms that appeared, Coscinodiscus Janischii showed 
a relatively high abundance, followed by Pleurosigma affine and Coscino- 
discus. The zooplankton associated with these Diatoms were represented 
by Ceratium fusus, C. tripos^ Copepoda, larvae of Copepoda and Limacina. 
Chaetoceras which dominated the Diatoms of the previous collection was 
found to have almost disappeared. 


Table XX A. 


Depth 

Vol. of “ . 

Sux- 

face 

! 

2in I 

1 

4u, 1 

6tu 

; 

10, M 1 

l5in 

20.U ' 

OK 

1 

30ni 

Mean 

pi. (c.c) 


1 







1 

- ! 


- - 

Actual catch 

0.5 

0.5 

0.5 

0.4 

0.5 

0.6 

0.5 

0.7 

0.9 

1.0 

0.61 

per cubic m. 
By conversion 

1 

10 . os' 

10. G5 

i 10.65 

1 

1 

j 13.32 

1 

16.65 

19.9cS 

16.65 


29.97 

«><r> .«>r> 

20.31 


Fig. 20. 



The vertical distribution was almost equal from the surface to bottom 
layer. A slight tendency to increase the volume toward the bottom might 
possibly be due to the debris which also increases with the depth. 

Observation XXI (Table XXI A., Fig, 21) 

(May 1, 9.40-10.20 a.m., J932; 

The volume of plankton now begen to increase considerably, probably 
being the secondary vegetation which is often found after an unusual de- 
crease. The leading species was Bacteriastrum sp. accompanied by Eucam- 
pia, Chaetoceras^ Thalassithrix, Coscinodiscus, und Pleurosigma. Zooplankton 
such as Ceratium bucephalum, C. fusus, C. furca, Peridinium spp, Dinophysis, 
Oikopleura and Copepoda were also found. The remarkable difference 
from the previous collection was the replacement of the leadership of 
Coscinodiscus by Bacteriastrum. 

The mode of vertical distribution was very striking. From surface to 
2 meter layer the volume increased very rapidly, from this to 10 meters, 
however, plankton showed a striking decrease, and from 10 meters to 30^ 
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Table XXI A. 


Depth 

Sur- 



6m 

bm 







VoL 
pL (c.c) 

face 

2ni 

4m 

10m 

15m 

20m 

25m 

30m 

Mean 

Actual catch 
per cubic m. 

' 11.7 i 

1 

22.5 

18.0 

12. oj 

11.6 

8.8 

9.4 

9.5| 

7.6 

9.4 

12.04 

By conversion 

! 

390.00; 

750.0 

600.0 

i 

400. o! 

j 

383.3 

1 

293.3 

313.3 

316.6; 

253.3 


401. ;!I 


Fig. 21. 



meters the distribution was almost equal. Marshall and Oku (1930) 
stated that the Diatom first increases at the surface reaching the 5 fathom 
layer a week later. From their suggestion it may be surmised that this 
sudden increase in 2 m. might indicate an increase in the deeper layer 

later. 


Observation XXII (Table XXII A., Fig. 22) 

(June 15, 9.10-9.55 a.m., 19,32) 

Since previous collections a decreasing tendency has been observed. 
The community of the plankton was almost the same as in the previous 
collection, Bacteriastrum being the leading species. 


Table XXII A. 


Depth 

Vol. 

Pb (c.c) 

Sur- 

face 


4m 

6m 

8m 

10m 

15m 

20m 

4.8 j 

160.00 

26m 

4.5 

150.00 

Actual catch 
per cubic m. 
By conversion 

11,0 
.266. eej 

8.8 

298.33 

9.5 

316.66 

5.2 j 

173.33 

i 

4.6 

155.33 

4.6 

i 

153. 33j 

4.3 

143.3.3 

i 


30m 

Mean 

7.3 

6.66 

243.33 

215.33 


The v^ical distnbution was in such a state that the maximum of 360 cc. 
^was found at the surface and it gradually decreased down to 153 cc. in 
8 meters. From 8 to the 25 meters the distribution was much uniform 
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Fig. 22. 



though an increase was observed at the 30 meters layer. Consequently, 
the abundance was high at the surface and low at the bottom layer. 

Observation XXIII (Table XXIIIA., Fig. 23) 

(July 16, 8.40-9.20 a.m., 1932) 

A decreasing tendency became more evident since the collection on 
May 1. The diatoms invariably predominating the bulk of the specimens. 
But it differed from the previous collection in the point that Bacteria’ 
strum which dominated the previous catch decreased and the specimens 
were represented by Rhizosolenia hebetata, Nitzschia seriata, Chaetoceras 
Schiittii, Thalassiothrix nitzschioides^ etc. Among zooplankton Pyrophacus 
and Goniaulax were noted. 


Table XXIII A. 


Depth 

VoL 

Sur- 

face 

1 

2h) 

4 in 

6u» 

8ni 

10, n 

I5in 

20m 

25m 

j 30nii 

Mean 

pi. (c.c) 









i 


Actual catch 
per cubic m. 

6.4 

6.0 

3.5 

4.0 

3.5 

3.7 ' 

3.0 

3.6 

i 

3.5 

1.4 

3.66 

By conversion 

180.00:166.66, 

1 1 

U6.06;133.33 

1 

116.60, 

123.33 

i 

100,00 

1 j 


83.33 

46.66 

118.32 


Fig. 23. 



■ Observation XXIV (Table XXIV A., Fig, 24) 

(August 1, 9.50-10.30 a,m., 1932) 

Compared with the previous observation an increase of plankton es- 
pecially due to the vegetation of Chaetoceras has been observed. Domi- 
nating species are ; CA. debile accompanying Ch. decipiens, Ch, Schiittii^ 
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Ch. didymum, Bacteriastrum sp. Rhizosolenia alata, Thalassiothrix nitz- 
schioides etc. Zooplankton were found mixed with Diatom.s, Parafavella 
gigantic, larvae of Lamellibranchs etc. 


Table XXIV A. 


Depth 


VoL of 
pL (c.c) 


Actual catch 
per cubic m. 
By conversion 


Sur- 

face 

2in 

4in 

j 

Oni j Sin 

lOin 

I'hn 

30ni 

35, n 

50,11 

Mean 

10.0 

1 

11.5 

10.8 

21.0 I 1G.8 

1 

31.0 , 

17.5 

15.8 

1.5.5 j 

11.5 

" 

15.11) 


OQ*> 

. »Jt> 

i 

i 

:jr>0. 00:700.00500. 00 

1 

700. Oo| 


526.00’ 

1 

610. GO' 

i 


450. *10 


Fig. 24. 



The vertical distribution showed 
4 to 10 meters followed by a slight 


an abrupt increase of plankton from 
decrease with the depth. 


Observation XXV (Table XXV A., Fig. 25) 

(August 19, 10.00-10.50 a.m., 1932) 

The plankton which showed a great incrpaqA in • n ■ 

decreased in . T ® increase m the previous collection 

decrea ed n the present observation. The material obtained by the 

Tel Tt T" '''" Besides Ch. dOile 

Xd tlh deSs 


Table XXV A. 


D^th 

Vol. 

pi (c.e) 

Sur- 

face 

o 

4in 

6in 

8m 

10m 

15,u 

30,11 

35m 

30m 

Mean 

Actual catch ! 8.2 
per cubic m. ! 

By conversion 272.3^ 

1 

9.0 j 8.0 

300.00,266.66 

! 1 

9.5 

316.66 

6.6 j 

320. 00| 

6.0 

200.00 

6.0 
200. OOj 



5.8 1 
193. 33| 

a. 5 

116.66 

2.0 j 

66.66 

6.46 

216.00 
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Fig. 25. 



Between this (Obs. No. XXV) and the following (Obs. No. XXVI) 
collections two separate additional collections were made on October 15th 
and 31st. In tliese collections 32 litres of water were taken cotinuously 
from 30 meters up to 0 meter layer. These results are inserted in Table 
XXXI and Fig. 31. 

Observation XXVI (Table XXVI A., Fig. 26) 

(October 31, 8.50-9.40 a.m., 1932) 

The quantity of plankton showed no remarkable change as compared 
with the previous observation. Representative species were Ch. Schnttii, 
Ch. debile^ Ch, decipiens, and Ch. contortum. In this collection it was 
notable that the species of Chaetoceras crowded the upper layer and 
Thalassiothrix Frauen feldiiy Asterionella japonica inhabited the middle 
layer, while Nitzschia seriata and Biddulphia sinensis were found at the 
bottom layer. 


Table XXVI A. 


Dt^pth i 

Vol. of 
pi. (c.c) 

Sur- 

face 

2m 

4,„ 

Cm 

1 

8m 

10m 

15m 

2{)m 

25m 

1 30, u 

Mean 

Actual catch 
per cubic m. 

5.8 

5,8 

5.0 

4.3 

4.4 

4.5 

4.3 

4.3 

4.4 

4.5 

' 4.73 

By conversion 

H93 . .‘JS;! 93 . .-{.‘Siieo .60 143 . 33 

! 1 i 

14C.6C|160.00 

143.33 

143.33 

146.66 

150.00 

157.66 


Fig. 26. 



The vertical distribution was uniform showing only a slight tendency 
of decrease with the depth. 
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Observation XXVII (Table XXVII A., Fig. 27) 

(Noven.ber 14, 10.10-10.55 a.m., 1932) 

In comparison to the result of the previous collection the volume of 
plankton showed a distinct decrease. Chaetoceras which dominated the 
specimens of the previous collection was replaced by Rhizosolenia and 
Thalassiothrix, Thalassiothrix showed the highest abundance at the 15 
meter layer. 


Table XXVII A. 


Depth 

Vol. of ■ ' 

Sur- 1 
face 1 

: 1 

2in i 4hi } 

Cm 

8 m 

10m 

16m 

20m 


30m 

Mean 

pi. (c.c) 


i 1 









Actual catch 

i 

; 2.4 1 

i 1 

2.4 ! 1.6 

1.5 

1 i.c 

1.6 

1.8 i 

1.7 

2..'! 

2.4 

1.92 

per cubic m. 
By conversion ! 

so. 00 

! I 

80.00; 50.00; 

1 I 

50.00 

i 

53.33 

i 

53.33 

1 

1 

60.00 

56.66 

70.00 

80.00 

63.99 


Fig. 27. 



Observation XXVIII (Table XXVIII A., Fig. 28) 

(December 4, 9.10-9.55 a.m., 1932) 

The quantity of plankton became less than in the previous ohvServation. 
The specimens chiefly consisted of Thalassiothrix nitzschiqides, CL dehile, 
CL SchiLttii, Ditylium Brightwellii and Rhizosolenia setigera. Of the 
zooplankton Peridinium, Ceratium^ Copepoda, Sagitta, Oikopleura, larvae 
of Copepoda and Pilidium were commonly found. 


Table XXVIII A. 


Depth 

Sur- 

i 

2m j 4m 

6 m 








Voi. of 
pi. (cx) 

face 

8iu 

10m 

16m 

20 m 

25m 

30m 

Mean 

Actual catch 
per cubic m. | 

' 1.2 

! 

T o I 1 o ! 

■"i ‘“i 

1.3 

1.1 

1.2 

1.2 

1.;! 

1.3 

: 1.6 i 

1.26 

By conversion j 

! 

f 

40.00 

40.00; 40.00 

1 1 

43.33 

36.66 

40.00 

40.00 


43.33 

53.33 

41.99 


The volume of plankton showed but little difference according to depth, 
resutling in uniform distribution. 
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Fig. 28. 



Observation XXIX (Table XXIX A., Fig. 29) 

(December 19, 9.10-9.50, a.m., 1932) 

Compared with the former collection the quantity of plankton showed 
a further decrease probably reaching the mininum of the year. The species 
appeared showed but little difference as compared with the previous case, 
chiefly consisting of Thalassiothrix, Chaetoceras, Rhizosolenia, Bacteriastnmi 
etc. As is usually the case the plankton showed a very uniform distribution 
when it showed a decrease. 


Table XXIX A. 


Depth 

Vo'. o( 

Sur- 

far*G* 

2in 

4m 

Oni 

Sia 

10,„ 

irjm 

<5 

Cl 

25, n 

20m 

Mean 

pl. (c.c) 

Actual catch j 

1.0 

1.0 

0.9 

1.0 

1.0 

1.0 

1.0 

1.1 

1.0 

1.0 

1.0 

per cubic m. 
By conversion 

;rL:?a 

i 

o 

o 

o 




22.23 

HC.flfi 

22.22 

22.22| 

22.22 


Fig. 29. 


5) GENERAL REMARKS 
1) Seasonal Change in Quantity 

In studying the seasonal quantitative change of plankton primary 
attention has been paid to the seasonal flourishing of the Diatoms. This 
is because the quantitative change of the volume of plankton in Aomori 
Bay is due chiefly to the increase or decrease of Diatoms. In this regard 
it was reported in the previous work (Kokubo and Tamura, 1931) that 
in Aomori Bay prominent vegetation was found twice a year in September 
and in March, from this fact just mentioned one may assume that there 
are two periods, flourishing with diatoms a year viz, a vernal and an 
autumnal increase. 
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Table XXXI. 





1 Vol. of Plankton cc in m" 

Date 1931-1933 

No. Obs. 

- 





Each coll. 

Monthly avo. 


Jan. 

19 

(IX) 

16.0 

16. 0 


Feb. 

28 

(X) 

363. 7 ■ 

;!02.7 


Mar. 

11 

(XI) 

520.4 

629.4 


1 Apr. 

U 

(XII) 

311.3 

311.3 


1 May 

1 

I 

169.5 




13 

11 

114.2 

101.2 


1 

! 

31 

III 

20.0 



j June 

15 

IV 

652.6 

652. () 

1931 

j July 

1 

V 

138. f) 




15 

VI 

28,3 

83.4 


I Aug. 

1 

VII 

91.. 9 




15 

viii 

130.3 

112.6 


i Sept. 

I 

IX 

183.8 


i 

1 

16 

X 

1 - 17.4 

165.6 

1 Oct. 

16 

XI 

146.5 

146.5 

1 Nov. 

14 

XII 

46.3 

46.3 

1 Dec. 

23 

XIII 

23.5 

23.6 

(mean) 



183.2 


! Jan. 

I 21 1 

XIV 

23.5 

23.5 

1 Feb. 

1 

XV 

32.6 




15 

XVI 

186.5 

109.6 


Mar. 

10 

XVII 

1071.7 




20 

XVIII 

626.1 

1148.9 


Apr. 

3 

XIX 

282.5 




16 

XX 

20.3 

151.4 


May 

17 

XXI 

401.3 

401.3 

1932 ! 

June 

15 

XXII 

216.3 

216.3 


July 

16 

XXIII 

118.3 

118.3 


Aug. 

1 

XXIV 

466.4 




19 

XXV 

216.0 

336.2 


Sept. 

16 

* 

187.8 

187.8 


Oct. 

15 

* 

200.0 

j 

Nov. 

31 

XX V 

157.7 

178.8 

! 

14 

XXVII 

64.0 

64.0 

1 

I 

Dec. 

4 

XXVIII 

42.0 

i 


19 

XXIX 

33.3 

37.7 


Collections made by taking water continuously from 30 meters up to 0 meter. 
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The extension of the work, however, shows that such is not always 
the case. As is evident from Table XXXI and Fig. 30 in 1931 three 
periods of increase were observed in March, in June, and in September. 
Of these three increases the highest abundance (653 cc.) was seen in June, 
that of March (529 cc.) being rather less, while that of September was evident 
though least in abundance. The first increase in March is, presumably 
the annual vernal (lourishing, whilst that of July may be regarded as a 
temporary vegetation due to some occasional causes. Ihe increase in 
September may represent the autumnal flourishing though it is not very 

pronounced. ^ ^ i i 

On March 10th, 1932 a remarkable vernal nourishing was observed, 

Fifi. 30. 



and transparency in cm. 

Ordinate (right side) temperature of sea water, C". 

Abscissa year and month. 

Thick line connecting black point represents volume of plankton. 
Brocken line represents the transparency. 

Continued line represents the temperature. 
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which far exceeded that of any previous observation. This vernal increase, 
however, suddenly subsided reaching, by March the minimum for the year. 
During the remainder of the year two periods of moderate increase were 
observed, one in May and another in August. Both of these increases with 
the exception of the autumnal one have been of a merely temporary 
character. Hence it will be seen from Fig. 30 that the mode of the 
seasonal change differs highly in both years. 

Kokubo (1932) who studied the seasonal changes of Diatoms at the 
same station by the counting method found that the mode of seasonal 
change varies from year to year. Moreover, his later work (1933) in 
which the plankton of 1931 was dealt with shows close coincidence with 
the present investigation in that, in March and July pronounced increases 
were found. As may be seen from Table XXXI the annual mean was 
183.2 cc. in 1931 and 274 cc. in 1932, indicating that the latter is about 
1.5 times of the former. Kokubo (1932) estimates, by the counting 
method, that the plankton in 1930 was 2.47 times as much as that of 
1929, likewise indicating the fluctuation of abundance according to year. 

Summing up our present and the previous investigation (1931) it is 
concluded that in Aomori Bay the vernal increase of Diatoms is very 
marked and can regulary be observed every year during the period from 
late-February to April. Following the vernal increase one or two periods 
of temporary increase may occur between then and August. J’he harvest 
increase is also probable though the abundance seems to la; low as com- 
pared with the vernal increase. Whether the harvest increase occurs 
markedly or not seems to be due to the autumnal hydrographical condi- 
tions which change from year to year. Johnstone and others (1924) also 
indicated m the vernal increase a greater abundance of Diatoms than 
that in the harvest increase. 


During the period from August (1930) to December (1932) the monthly 
m^n volume of plankton per cubic meter of water ranged from the 

maximum of 1148.9 cc. (March 
j II ^ ®3ch collection during the same 

im.lcc. (March 10, 

' \ The maximum and minimum show a wide range of variation when 
those taken from every depth and through the whole period (1930-1932) 
were compared. The minimum of 10 cc. was observed on January 19th, 

Ir , I. . ^ maximum of 1931 cc. was observed on 

March lOth, 1932 at Ae 6 meter depth. Assuming that the mean (1672 cc.) 
of observation No. XVII (March 10, 1932) at the station of observation 
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is representative of Aomori Bay and that the mean depth of the whole 
area is 40 meters, the production of plankton per square meter is estimated 
to be about 6.7 cubic meter. According to Apstein (1906) the maximum 
abundance of the plankton of the North Sea on November 12th at a 
depth of 22 meters was estimated to be 1240 cc. per square meter. 
Comparing this value with that of Aomori Bay there appears to be a 
striking difference in the yield of plankton between these two seas. 

2 ) Change of Vertical Distribution 

As the mode and change of the vertical distribution were the main 
object, the data has been throughly examined from this angle. In the 
previous paper (Kokubo and Tamura, 1931) have shown how, in summei, 
the Diatoms crowd the upper layer, and how with the advance of the 
season, the distribution gradually became equal from surlace to bottom. 
The probability that distribution becomes irregular during the vernal 
flourishing drew our attention. Continued observations have revealed that 
some of the above contentions were not entirely justified and that the data 
obtained thereafter afforded explanation of the changes of vertical distri- 
bution. , ... 

Looking through Fig. 1-29 the mode of the vertical distribution can 

be classified into four types, i. e. (1) upper crowding, (2) uniform distribu- 
tion, (3) irregular distribution, (4) lower crowding. The following table 
is based on the data obtained from 29 observations. 


Types of 
distribu- 
tion 


No. and season of observation and volume of plankton (c.c) 

(Each collection) * ^ 

Mean) 

Type I 
Upper 
crowding 

I 

May 

170 

11 

May 

lU 

May 

20 

IV 

June 

652 

V 

July 

139 

IX 1 
Sept.! 

184 

XVI 

Feb. 

185 

XXI 

May 

401 

XXIV 

Aug. 

466 

XXV 

Aug. 

216 

— 

— 

— 

264 

(c.c) 

Type II 
Equal cr 
nearly- 
equal 

VI 

July 

28 

n 

Aug. 

95 

vin 

Aug. 

120 

X 

Sept 

147 

XI 

Nov. 

46 

xin 

Dec. 

24 

XIV 

Jan. 

24 

XV 

Feb. 

33 

XX 

Apr. 

20 

XXVI 

Oct. 

168 

XXVI 

Nov. 

64 

XXVIll 

Dec. 

41 

XXIX 

Dec. 

33 

71 

(c.c) 
















Type III 
Irregular 

m 

Mar. 

1672 

xvin 

Mar. 

626 

xxn 

June 

215 

— 


— 

— 

-- 

— 



— 

— 

838 

(c.c) 

Type IX 
Lower 
crowding 

XIX 

Apr. 

- 282 

XXDI 

July 

118 

— 

— 


— 


-- 


— 

— 

— 

, 

200 

(c.c) 



328 


S. KOKUBO AND T. TAMURA 


From the above table it will be noted that among the four types of 
distribution Type I appears most frequently (45 Type If being next, 
showing a frequency of 35 Type III and IV appear only at intervals. 
Consequently it follows that the common type of distribution in Aomori 
Bay is Type II, the succeeding one being Type I. 

Considering the change of vertical distribution seasonally it is significant 
that when the Diatoms increase their distribution became dense in the; 
upper layer (Obs. No. I-V) but with a decrease (Obs. No. 6-8) it became 
uniform. Again, when the Diatoms increased Type I appeared (Obs. No. 
IX). After this, and until February 1932, a decrease set in and distribution 
accordingly became uniform for this period (Obs. No. X-XV). During 
March of 1932 the Diatoms increased abnormally resulting in irrc'gular 
distribution (Obs. No. XVII, XVIII). Thereafter distribution Type IV (lower 
crowding) was observed (Obs. No. XIX). From this until December 
(Obs. No. XXXIII) similar changes were repeated. 

From what has just been mentioned it can be concluded that, in all 
probability, distribution Type I (upper crowding) appears as the result of 
a normal increase of Diatoms. Distribution Type II, i. e. equal distribution, 
occurs when the Diatoms decrease. When an abnormal increase has 
occurred distribution becomes at first irregular (Type III) and then Jowen- 
crowding distribution (Type IV) follows. This explanation makes necessary 
a partial modification of the statement contained in our previous papeu' 
(1931) in which “upper crowding” distribution occurs in summer only. 
The present results suggest that the “upper crowding” distribution obs('rved 
during summer was a normal result of the increase of Diatoms and Ihc^ 
equal distribution (Obs. No. VI -IX of previous work) observed latc'r was 
the result of a decrease of Diatoms. 


The fact that the distribution of “ upper crowding ” appears with the 
increase of Diatoms may be due to their characteristic mode of vegetation. 

ccording to Marshall and Orr (1930) the increase of Diatoms in Loch 
Striven takes place at first at the surface and sinks gradually into deep 
water, so that the maximum at 5 fathoms occured a week after the 
maximum at the surface has appeared. If this be the case in Aomori 
Bay It IS plain that with the increase of Diatoms the upper layer should 
be more densely crowded than in the lower. Irregular or lower crowding 
distribution may be due to the gradual fall of the swarming flock of 
dedmed Diatoms. 


vertical distribution has been de- 
scribed, there is, however, another tendency which deserves comment. 
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Glancing through Figs. 1-29 it will be noted that when the plankton 
showed an apparent increase, e. g. over 150 cc., the quantity at surface 
is mostly smaller than at 2 meters. In ten out o£ twelve cases, in which 
the plankton exceeded 150 cc., this tendency has been observed. This 
serves to confirm the well know fact that at the uppermost layer, i. e. 
the surface, the multiplication of Diatoms is inhibited due to the excessive 
intensity of sunlight. 


Depth 








1 




Year 

face 1 

2iu 

4m 

I 6in 

8in 

10m 

15m 

20m 

25ni 

30m 

Mean 

la"?! 

17().2 

162.1 

178.8 

199.1 

186.5' 

191. () 

173.4 

159.8 

137.5 

148.9 

171 .4 

1932 

1 

293. 9| 

317. 0i 

301.7 

305.4 

271. 3| 

262.5 

263.9 

259.3 

2()6.0 

261.1 

280.7 


This table was compiled excluding the two separate c.ollcctions which were made 
in Sept, and Oct, 1932. 


For the purpose of observing the mean vertical distribution Figure 31 
has been drawn from the above data. In both of these two years the 
general tendency of the plankton to show a higher abundance in the 
upper layer (down to ten meters) than in the lower ones showed a fair 
coincidence. 


Fig, 31. 



Ordinate — volume of plankton (per cub. m.) in cc. 
Abscissa — depth in meter. 


3) Dominating Species 

As has been stated the species of Diatoms found in each collection 
varied from month to month. Again the dominating species of each season 
varies not only from month to month but from year to year. The species 
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difference in the corresponding season between 1929 and 1930 was already 
reported by one of us (Kokubo, 1932). 

Of the three periods of increase in 1931 the first (Apr. 14) was 
dominated by Ch. debile and Ch, sociale. Ch. debile is one of the most 
important representatives of Aomori Bay plankton and appears mainly in 
winter and spring (Kokubo, 1932). In the second increase (June 15th). 
Ch. Schiittii was the dominating species, Rhizosolenia hebetaia being second 
in abundance. The former species is one of the commonest species of 
Chaetoceras in Aomori Bay and predominates at times, in the harvest 
plankton (Kokubo, 1932). 

Like the vernal increase in 1931 the first increase in 1932 was also 
represented by Ch. sociale and Ch. debile. In the second increase of the 
same year in May Bacteriastrum sp. was greatest in abundance as has 
already been noted by one of us (Kokubo, 1932) in the following year. 
The fourth increase which was observed in August was dominated by Ch. 
debile and Ch. decipiens. Though the former usually appears in spring 
and in winter a predominance, in the present case, was shown in summer. 
The fourth increase occurred in October and was dominated by Ch. Schiittii 
and Ch. debile. 

As regards the vertical distribution of each species it has already been 
stated that in some cases species difference can be found between the 
uppear and the lower layers. Besides the data presented here occasional 
observations often indicated the stratification of Chaetoceras and Coscino- 
discus, the former usually crowding the upper and the latter the lower 
layer. It also happen, at times, that both the decayed and living cells 
of Cosdnodiscus Janischii show distinct stratification. In such a case the 

empty cell of this Diatom is found in suspension below the layer of living 
cells. 

4) Relation of Plankton to Hydrographical Conditions 

Of the seasonal change of plankton the vernal increase of Diatoms 
has been considered as one of the most significant phenomena as its annual 
ap^ance is very regular. This increase of Diatoms usually commences 
m late January or early February, but a month or so latter it decreases 
more or less rapidly. As the commencement of the vegetation frequently 
occims just after the minimum temperature of water, the vernal increase 
of Diatoms has been often attributed to the seasonal change of water 
temp^ture. This view appears reasonable as the rise of temperature 
usu y ac erate the rate of cell division, but on the other hand Bigelow 
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(1924) maintains the view that the vernal increase of Diatoms does not 
necessarily synchronise with the vernal rise of temperature, based on his 
observation of the plankton between Cape Ann and the Isles of Shoals 
where he found the Diatoms commenced to multiply actively while the 
temperature remained at its winter minimum. 

Kokubo (1932) found in Aomori Bay during 1929”1930 that the vernal 
increase of Diatoms in 1929 began on February 18th, before the tempera- 
ture of the water had passed its coldest peak. In 1930 the vernal aug- 
mentation commenced on March 7th, following closely the vernal rise of 
water temperature. 

The present research also indicates that in both 1931 and 1932 the 
vernal increase of Diatoms commenced, earlier than the commencement 
of the rise of temperature (Fig. 30). In 1931 the first rise of temperature 
was observed on February 19th, while the vernal vegetation of Diatonls 
started much earlier than the rise of temperature. That the temperature 
began to rise around the 20th of February was also demonstrated by 
the observations made at our pier. The records of the daily observations 
at this pier, in 1931, show that the lowest temperature, 2.7“C., was re- 
corded on February 20th. In 1932 the vegetation of Diatoms began as 
early as February 1st, though the rise of sea temperature was first observed 
on February 15th, showing a delay of about two weeks. 

It follows then that in three years out of four the increase of Diatoms 
preceded the vernal warming of the water, pointing to the conclusion that 
the rise of the water temperature is not the direct cause of the vegetation 
of this plant. The temperature change is not likely responsible for harvest 
increase as autumnal fall of water temperature in three out of 4 years 
preceded the autumnal fall of water temperature. Regarding the relation 
between sea temperature and plankton Johnstone and others (1924) state 
that the change of temperature is a factor that leads to changes in 
abundance of all planktonic organisms. This statemente does not necessarily 
explain our cases as the vernal and harvest increase, as were indicated 
above, tend to precede the temperature change of the sea. At any rate 
the increase or decrease of Diatoms may be the result of the combined 
effect of temperature, sunlight, salinity, nutrition, and other biological factors. 
It can not be accounted for by a simple change of sea temperature alone. 

6) SUMMARY 

1) Extending our previous work (1931), observations of the plankton 
of Aomori Bay was made during 1930 and 1931, by means of the pump 
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method. 

2) It was found that in Aomori Bay in 1931 the Diatoms increased 
three times during the period from spring to autumn. While in 1932 
there were four such increases during the same period. 

3) In both these years the first and the last increase seem to correspond 
respectively to the vernal and harvest vegetation. Summing up the present 
and the previous (1931) results the harvest increase is by far less prominent 
than the vernal increase. 

4) During the period of the present study the quantity of plankton 
per cubic meter of water ranged from the minimum of 15.9 c(\ (Jan. 19, 
1931) to the maximum of 1672 cc. (March 10, 1932), the latter very much 
exceeding the maximum of 529 cc. of the previous series of observations 
1931). The maximum through all seasons and at all depths was 1931 cc. 
for 6 meter layer observed on March 10, 1932, likewise exceeding the 
record of the previous investigation. 

5) The annual mean of plankto in Aomori Bay was 183.2 cc. in 1931 
and 274.1 cc. in 1932 indicating that the annual yield is subjected to changes 
from year to year. 

6) All the data obtained concerning the vertical distribution of Diatoms 
lead us to the conclusion that when the Diatoms show a normal increase 
the vertical distribution exhibits the “ upper crowding ” type. With the 
decrease of the Diatoms the distribution becomes uniform. When the 
Diatoms flourish abnormally the vertical dLstril)ution becomes irregular, 
and with the declination of Diatoms the distribution presents the lower 
crowding” type. 

7) Concerning the relation between sea temperature and Diatomic 
vegetation the present data indicate that it is improbable that the vernal 
and the harvest increase of Diatoms is initiated by the seasonal rise or 
faU of water temperature, suggesting that the change of temperature may 
not be the direct cause of the vegetation of this plant. 
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The purpose of the present research is to determine, histologically, 
whether or not the ganglion cells exist in the heart of the oyster, and 
if they exist, then to know the form and the distribution of those 
cells. 

Before going further, the writer wishes to express his sincere thanks 
to Dr. S. Hatai of the Biological Institute of the Tohoku Imperial Uni- 
versity for his kind direction and encouragement, and also to the members 
of the Institute whose advice has been of great value. 

MATERIAL AND METHOD 

Ostrea circumpicta PiLS. and 0. gigas Thumb, were used. The form- 
er was collected from Mutsu Bay and the latter from Matsushima Bay* 

In order to ascertain the innervation of nerves around the heart, the 
heart and the visceral ganglion with its surrounding tissue were dissected 
along the dotted line in Fig. 1, and were fixed in various reagents. 

For fixation, Bouin’s solution, Zenker’s solution, acetic sublimate, neutral 
formol, alcohol, ammoniacal alcohol, and potassium bichromate were tried. 
For staining, Delafield’s haematoxylin with eosin, Heidenhain’s iron- 
haematoxylin, Mann’s methylene blue eosin, and Mallory’s triple con- 
nective tissue staining mixture were applied. As to impregnation, Da 
Fang’s modification of Bielschowsky, Cajal method of formula 2 and 3 
by Lee (“ The micro tomist’s vade-mecum,” 1924), and Golgi method 
were used. 

The heart and the pericardium in several small pieces were embedded 
either in paraflSn or in celloidin and were sectioned 10-20/^ thick in the 
former and 50-80/^ in the latter. 


* Contribirtion from the Marine Biological Station, Aisatnusiii, Aomori-ken. No. 107. 
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Fig. 1. Diagram to show the relative position of the heart, the visceral ganglion, 
etc. Add., adductor muscle; AL, alimentary canal; AU., auricle; GiL, gills; GK, 
visceral ganglion; ML., mantle lobe; Sh., shell; V., ventricle. 

At the Asamushi Marine Biological Station, I tried the vital staining 
with methylene blue “Methylene blue medicinal chem. pure, free from 
chlorid of zinc” from Merck and Rongalit white. For staining, the tissue 
was either submerged in a weak solution of the dye or by injecting a 
more concentrated solution into the body of the living oyster. For stock, 
a solution of methylene blue 0.5^ in distilled water was prepared. 15 
to 20 drops of the stock solution were mixed with lOOcc. sea water im- 
mediately before use. 

The heart of the oyster was cut along the median line of the ventral 
wall, then, on a slice of wet cotton it was spread out under the microscope, 
the inner side upwards. The tissue thus prepared was left in the dye for 
20-26 hours and then was exposed to the action of the air in a moist 
chamber. 

The standard solution of Rongalit white was prepared as follows : 
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Methylene blue 0.5^^ in distilled water acidulated in the 


proportion of 8 drops of 25^© HCl to 100 cc 100 cc. 

Rongalit (obtained from Grubler & Co.) 0.3 gm. 


The mixture was warmed in a test-tube until the blue colour changed 
to pale-yellow, then filtered after cooling. 10 to 20cc. of the stock of 


“ Rongalit white ” staining was mixed with lOOcc. sea water and the tis- 
sue was submerged in this for 3-5 hours. 

For injection, I employed the following solution, 

Methylene blue 0.5^© or Rongalit white (the stand, sol.) .... 1 vol. 

Sea water 3 to 6 vols. 


l-4cc. of this mixture was injected in the heart of the oyster in situ and 
was taken out of the body after 12-24 hours. The heart tissue thus 
stained was kept in an aqueous solution of 5 94 ammonium molybdate for 
a short time and then in a saturated aqueous solution of picric acid. 
After 1-2 hours the tissue was finally placed in the mixture of picric acid 
saturated in distilled water and glycerin of the same volume, in which it 
may be preserved for several months. 

EXPERIMENT 

Heidenhain’s iron-haematoxylin gave the most satisfactory results 
for the innervation of nerves and Delafield’s haematoxylin with eosin for 
the distribution of the ganglion cells. 

In Ostrea, the heart and the rectum remain apart, the heart lying 
beneath the rectum. The heart consists of a ventricle and two auricles, the 
ventricle being twice the size of the auricles. The ventricle is pear-shaped, 
and when cut open, the wall is seen loosely interlaced by numerous 
muscle bundles. The auricles are roughly triangular in shape. The walls 
of the auricles are thin and are only slightly muscular. A glandular 
epithelium containing a brown pigment invests the auricles which exhibit 
a dark brown colour. 

The blood is a colourless fluid. The blood corpuscles are small and 
colourless ; they are about 10 to 15/^ in diameter and in permanent pre- 
parations show a prominent nucleus in the centre of the rounded or ovoid 
body. 

Advantageously the visceral ganglion is first described, then the inner- 
vation of the visceral nerves around the heart and lastly my observations 
on the nervous ganglion cells in the heart. 

The visceral ganglion, consists of two parts ; fibrous structure in the 
centre and ganglion cells in the periphery. The fibrous structure is a 
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mass of nerve fibrils and surround many nerve cells. The nerve cells of 
the visceral ganglion are unipolar, the bodies of which are approximately 
round or oval in shape, and measure in average about 24/.f in length and 
10-17;“ in width. Thus the nerve cells are far larger than other tissue 
cells, though those can only be seen by using the high power of the 
microscope. From one end of a cell body a single nerve fibre arises while 
the opposite is round. Nucleus of the nerve cell is large and round in 
shape and measures about 7/< in diameter, and a clear nucleolus is in- 
variably found in its centre. Protoplasm of the nerve cells stains black 
with Heidenhain’s iron-haematoxylin and dark violet with DEl^AFlEiai’s 
haematoxylin. 

Nerves which originate from the visceral ganglion cells exhibit fibrillar 
structure and apparently lack the sheathing structure. Very rarely, a few 
nerve cells are found embedded among the nerve fibres, though several 
cells forming a group are found at the branching place of the nerves. 

9 pairs of nerves arise from the visceral ganglion ; these are cerebro- 
visceral connectives, nervus branchialis, 2 pairs of n. adductoris, n. pallialis 
anterior and lateralis, and 3 pairs of n. pallialis posterior. 

Regarding the distribution of some of these nerves Kogita (1932) 
already has given a full account and I shall therefore not repeat it except- 
ing that die oyster heart seems to receive the nerve supply from the first 
nerve branch of the connectives though I have failed to observe the 
penetration of this nerve into the heart even when followed through the 
serial sections. 

The anterior pallial nerves are stout cords and, after passing through 
the nephridia on both sides, runs forward over the wall of the pericardium 
to the anterior part of the body. 

The wall of the ventricle is composed of muscle fibres which are 
loosely interlaced. The anterior part of the ventricle is divided into two 
lateral chambers by a septum which consists of muscle fibres. From the 
posto-ior end of the ventricle extend two median aorta; anterior and 
posterior aorta. The walls of the aorta are almost the same in structure 
as those of the ventricle. 

Along the inner-most of the auricular wall are found longitudinal 
musde fibres which run parallel to their long axis. The auricles com- 
municate with the ventricle by a narrow slit on each side. The anterior 
part of the auricles communicate with each other with the pericardial wall. 

An etammation of the finer structures of the heart wall by various 
methods resulted in revealing the existence of the ganglion cells (Fig. 2). 
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These cells are also unipolar and almost the same size as the nerve cells 
found in the visceral ganglion. 



The nucleus of the ganglion cells is large and round in shape, contain- 
ing a clear nucleolus in its centre, and the protoplasm takes a dark violet 
or deep black colour with haematoxylin as those of the nerve cells of the 
visceral ganglion do. * . 


In the auricles the ganglion 
cells are observed, mainly, at 
the region of junction with the 
ventricle and at the communi- 
cating portion with the peri- 
cardial wall. At the middle 
parts the ganglion cells are 
also found, but very small in 
number in comparison with the 
two former parts. The gan- 
glion cells arrange themselves 
in ring-like formation at the 
auriculo-ventricular junction. 

In the ventricle, there are 
no ganglion cells in the neigh- 
bourhood of the auriculo-ventri- 



cular junction, but are mainly pjg 3^ Diagram to show the <listribution 

at the middle part and at the of the ganglion cells in the heart 



340 


S. SUZUKI 


communicating region with the aorta. 

Although the majority of the ganglion cells in the heart is sepatcited 
from each other by other tissue fibres, some of them were found to be 
in direct contact. 

Figure 3 diagrammatically illustrates the distribution of these ganglion 
cells in the heart. There are found about 100 ganglion cells in the 
auricles exclusive of the auriculo-ventricular junction (AVJ) and about 50 
cells in the ventricle. At the auriculo-ventricular junction are about 120 cells. 
A study of the heart wall of the oyster by usual sectioning methods failed 
to reveal the presence of fibres which can be considered with certainty 
nerve fibres. 

By using the vital staining with methylene blue and with Rongalit 
white, I was able to observe the nerve fibres in the auricles as shown in 
Fig. 4. Some parts of the nerve fibres appear to be covered with muscle 
bundle, but some lie under the muscle and run parallel to those muscles. 
Not only the fibres are very numerous in number, but make plexus. The 
nerve fibres after many subdivisions accompany the muscle fibres as very 
fine fibrils. These fibrils end in the muscle of the septum at the auriculo- 
ventricular junction without forming any special end-organs (Fig. 5). 
The ganlion cells lie along the nerve fibres as shown in Fig. 6. 



Fig. 4. Photograph to show the nerve fibres in the auricles. x80. 
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Fig 5 Endings of the nerve fibres at the septum, (oil immersion). 
Mf., muscle fibre bundle; Nf., nerve fibre; Sp., septum at the aunculo- 

ventricular junction. 


In the ventride, the presence of the nerve Bbres wes 
mine due probably to the existence of abundant muscle bundl s. _ 
the nerve fibres in the auricles are the continuation of the n«ve which 
originates from the visceral ganglion can not be determined with certainty 
but various circumstances indicate that these nerve fibres is proba y 
connect with the first branch of the connectives which passes the bass 
of the auricles. I hope that these ambiguous points just mentioned become 

settled in the near future. 
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Fig» 6. Ganglion cells and nerve fibres at the auriculo-ventiicular 
junction, (oil immersion), x750. Gc., ganglion cells; M/'., muscle fibre 
bundle; Nf,, nerve fibre. 


DISCUSSION 

Kogita (1932) found, physiologically, the fact that the heart of the 
oyster is supplied with the cardio-regulator fibres from the visceral gan- 
glion. According to him, the nerves which enter the ventricle regulate the 
ventricular rhythm only, and the nerves which enter the auricles rtigulatc 
the auricular rhythm only. Kogita concludes from the above that the 
n^^ enter the auricles or ventricle from respective base and the nerves 
^ auriculo-ventricular junction. 

few containing 

response for the same degree of 
stimulus than the he^t strips wWch contain many ganglion cells which 

Z eontraction than in the muscles in 

mlSS '?'’' ***" reasons above 

containing few gan- 

heart, ften the 

auncles, since the latter possesses a much greater 
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number of nerve cells than the former. But, on the contrary, Takatsuki 
(1932) found that the auricle of the oyster is much stronger in its resist- 
ance than in the ventricle when exposed to both lower and higher tem- 
perature ; that is, in the ventricle, the pulsation is completely inhibited at 
about 6.3°C and 38.5"C while in the auricle it is inhibited at about 3.30°C 
and 43.5°C. 

The contradicting results obtained by these two investigators might 
account to the reason that, when the auricle is isolated or cut at the 
auriculo-ventricular junction, the portion where many ganglion cells are 
located are necessarily damaged and consequently the number of ganglion 
cells in the isolated auricle possesses fewer in comparison with the ven- 
tricle and hence the auricle, as was shown by Takatsuki, is much stronger 
in its resistance than in the ventricle. To decide this point needs further 
experimental proof. It should be indicated that the functions of the gan- 
glion cells in the heart strips might not only accelerate, but also inhibit or 
control the contraction of the heart muscle, and therefore before one 
accepts Funada’s conclusion, it seems necessary to make further studies 
on the various functions of the ganglion cells in the heart strips. 

Up to this time, are known many works on the physiology of the 
isolated heart of the oyster, but according to them, many ganglion cells 
which are present at both ends are lost, and therefore, the extent to 
which the lost ganglion cells modified the normal behaviour of the isolated 
heart, remains to be tested. In studying the lower and higher limiting 
temperatures on the automaticity of the auricles and ventricle of the oyster, 
uneven distribution of the ganglion cells in the heart accordingly should 
be always taken into consideration. 

SUMMARY 

1) The visceral ganglion consists of two parts: central fibrous and 
peripheral ganglion cell part. The ganglion cell is unipolar and has a 
large nucleus which contains a clear nucleolus. 

2) The nerves which originate from the visceral ganglion and enter 
the tissue around the heart were observed. The first branch of the 
cerebro-visceral connectives passes the base of the auricles. 

3) The ganglion cells in the heart were discovered and the distribution 
of these cells were determined. The number of the ganglion cells is larger 
in the auricle than in the ventricle. 

4) Nerve fibres in the auricle were observed by using the vital stain- 
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ing method. These fibres end in the muscle of the septum at the auriculo- 
ventricular junction without forming any special end organs. 
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INTRODUCTION 

The present investigation is a continuation of my prtwious work on 
the number of ganglion cells and nerve fibers of the earthworm. Thc‘ 
results of my earlier studies on this problem are summarized as follows. 

1) In the typical segments, the segments without any reproductive 
organs, the number of ganglion cells in the ventral cord are nearly the 
same. Similarly the number of efferent fibers in the neuropile as well 
as in the peripheral nerve trunks are nearly the same in all those segments 
examined. 

2) The number of nerve cells in a ganglion is always less than that 
of nerve fibers contained in all the nerve trunks arising from the ganglion, 
amounting approximately to one half of the latter. 

3) The presence of the prostate gland is associated with a greater 
number of ganglion cells and nerve fibers compared with those=s belonging 
to the neighbouring segments. In XVIII segment where the prostate^ 
gland is located the number of ganglion cells exceeds by far that of the 
efferent fibers contained in all the peripheral nerve trunks issuing from 
the ganglion. 

4) The number of ganglion cells and nerve fibers in all the segments 
examined are nearly equal in the right and left halves of the ganglion. 
When, however, the segment happens to lack any organs in either side, 
for instance, the worm with non-paired prostate gland, the number of 
efferent fibers is much increased in the neuropile as well as in the peri- 
pheral nerve trunks on the side with the organ, though the number of 
ganglion cells is approximately the same in both halves of the ganglion. 

The conclusion given above was based on the observations made 
only to the middle parts of the worm, which are caudal to the ditellum 
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and cephalad to the tail. In order to test the generality of the above 
conclusion, it is desirable further to determine the following points : 

1) The numerical relation of ganglion cells and nerve fibers in the 
head portion ; namely, the cerebral ganglion and the cerebral nerve trunks, 
the suboesophageal ganglion and all the nerve trunks given off from this 
ganglion, and the circumoesophageal commissure, which connects the two 
ganglia just mentioned. 

2) The number of the ganglion cells and libers in the segments 
anterior to the clitellum, which are complexly organized with various sorts 
of organs. 

3) The number of the ganglion cells and fibers in the tail end 
segments, which appear to show morphological differences from the typical 
segment. 


MATERIALS AND METHODS 

The materials used are adult Pheretima communissima (Goto & 
Hatai), the same species used in my previous work and were collected 
during the breeding season (Aug. and Sept.). The specimens were at first 
narcotized by the 1 ^/o solution of chloretone until they became immovable. 
Then, the viscera were removed by dissection with the greatest caution 
not to injure the nerves. The nerves were fixed in Lavdowsky’s fluid 
together with the body-wall. The materials thus treated were embedded 
in paraffin, cut transversely or longitudinally 10 or 12 micra in thickness 
and stained with Heidenhain’s haematoxylin. For the enumeration of 
ganglion cells, I have counted their nucleoli while for the nerve fibers, 
only the motor fibers were calculated as in my previous works. 

MORPHOLOGICAL CHARACTERS OF THE WORM 

Before the results of the enumeration are mentioned, I will briefly 
describe some morphological characters of the worm. The part of the 
body anterior to the chtellum is most complexly organized ; there the 
various ergans, digestive, reproductive, circular etc. are specially developed 
(Fig. 1). The nervous system belonging to this part of the body consists 
of a bilobed cerebral ganglion, which lies on the dorsal wall of the pharynx, 
and a pair of circumoesophageal connectives, which pass from the lateral 
borders of the cerebral ganglion and unite ventrally to the suboesophageal 
ganglion. 

Cerebral nerve trunks : ten pairs of nerve trunks leave the anterior 
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borders of the cerebral ganglion and innervate into the prostoinium and 
into the wall of the buccal cavity. 

The enteric nervous system : five paii's of the small nerve trunks 
supply the wall of the alimentary tract. 


Between the ventro-lateral border of the 
cerebral ganglion and alimentary tract 
is found one small ganglionic mass in 
each side namely a pair of ganglionic 
thickenings of the enteric nerve. The 
SLiboesophageal ganglion gives rise to 
eight pairs of large nerve trunks which 
lie closely to each other.* The nerve 
trunks just mentioned may correspond 
to single and double nerves of the 
typical segment. 

The ventral nerve cord consists of 
a row of ganglia united longitudinally 
by the connective. In each typical 
segment three pairs of nerve trunks 
originate from the ventral nerve cord 
and innervate the body wall. The first 
(anterior) pair of the three nerve trunks 
which arises in front of the ganglionic 
enlargement, is called the single nerve, 
while the second (middle) and third 
(posterior) pairs leave the ganglion itself 
combining with each other into a thick 
nerve trunk, and are named the double 
nerve. 

In the most caudal segment (tail 
end) each three pairs of single and 
double nerves arise from the last gan- 

St 

glion which is greater than the gan- 
glion in the typical segment. 

For the distribution of the main 
peripheral nerves arising from the gan- 
glia in both anterior and posterior seg- 
ments, the reader is referred to Imai’s 
paper (’28) who used Pheretima mega- 




Fig. 1. The internal structure in 
the anterior and posterior regions of 
Pheretima communissimay showing 
principal internal organs in a dorsal 
dissection. I, X, CX, No. of seg- 

ment; G, anus; cae, caecum; cgy cere- 
bral ganglion; c(, cUtellum; da, dorsal 
vessel; i, intestine; pr^ prostate gland; 
gfZy gizzard; tw, mouth; n, ventral 
cord; sc, 'spermatheCa; sr, sperm- 
reservoir; vv, ventral vessel. 



348 


F. OCJAWA 


scolidtoides, which differs little from that of P. cormnun'minia. 

The gross anatomy of the nervous system in the head and tail regions 
is shown in Figs. 2, and 3. 



Fig. 2. The nervous system in the anterior segments of Phere- 

tima communissima, as seen in a dorsal dissection. I, 11, VI, 

No. of segment; Icn, . . . . lOcn, 1st,..., 10th cerebral nerve trunks; 
lsn,....4sn, 1st,..,. 4th single nerve trunks of the .suboosophageal 
ganglion; ldn,....4dn, 1st, ....4th double nerve trunks of the 
suboesophageal ganglion; eg; cerebral ganglion; en, ganglionic 
thickening of enteric nerve; single nerve trunks; dn^ doubb^ 
nerve trunks: x.‘l. 



RESULTS OF THE OBSERVATIONS 

t) The cerebral mnglion and the circumoesophageal connective. (Table I) 
The cerebral ganglion has an external cell layer characteristic to the 
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ganglion constituted by two kinds of nerve cells, one of which appears 
to be the same as those found in the ventral cord, while the others show 
special affinity for the staining agents and their cell bodies are not only 
small in size, but their nuclei arc also relatively small. 

The neuropile of the cerebral ganglion is densely packed with the 
endings of longitudinal fibers, which come from the ventral cord by way 
of circumoesophageal connective. The cerebral ganglion gives off from 
its anterior border ten pairs of the cerebral nerve trunks to the prostomium 
as was mentioned already (Fig, 2). 

In the nerve trunks are found both the effei’ent and afferent fibers, 
which enter this ganglion directly from the periphery ; the efferent fibers 
occupy the greatest area in the cross section of the trunks. In practice, 
I enumerated all the nerve cells contained in the cerebral ganglion and 
all the efferent fibers in the circumoesophageal connective and in the 
cerebral nerve trunks. As Table I shows, the number of nerve cells in 
the cerebral ganglion is 12829 on the average, namely about ten times 
as much as the number of nerve cells in the ventral ganglion found in 
the typical segment, which amounted to 1288. 

The total number of efferent fibers in the cerebral nerve trunks is 
far greater than that in the nerve trunks given off from the ventral cord 
in the typical segment (single and double nerve trunks combined). More- 
over I found that in the larger cerebral nerve trunk the number of fibers 
is 294, while in the double nerve in typical segment is only 130, as Tables 
1 and n show. 

In the circumoesophageal connective I counted 1050 efferent fibers on 
each side or 2106 in both combined. This number is nearly equal to 
the number of efferent fibers in the neuropile of the ventral cord. 

In Fig. 5, is shown the cross section of circumoesophagecil connective, 
where we notice many efferent fibers together with afferent fibers, as is 
the case with the neuropile of the ventral cord. No ganglion cells were 
found in the connective. Furthermore, two pairs of large trunks arise 
from the middle portion of the circumoesophageal connective which proba- 
bly correspond in nature to the double and single nerve in the ventral 
cord, containing 280 and 82 efferent fibers respectively. The enumeration 
of the fibers in the circumoesophageal connective was performed, at two 
parts, anterior and posterior where issued two nerve trunks and were 
found to be 1075 in the anterior, and l46D in the posterior. From this 
enumeration we find that the number of nerve fibers in the posterior or 
before the nerve trunks were issued is larger than in the anterior portion 
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I’augk 

The number of ganglion cells and mrve 


No. of segment 

The number of 
ganglion cells 

1st nerve 

2nd nerve 

The number of 

j 3rd nerve j 4th nerve 

Cerebral 

ganglion 

III 

12829 

Right Left 

207 21.‘5 

Right Left 
254 251 

Right L<4t 
260 258 

Riglit 1-eft 
203 212 

Enteric nerve 
III 

Right Left Sum 
819 821 1643 | 

37 39 

, ■ j 

47 48 

4(> 52 

i 50 48 

Circumoesopha- 
geal connective 
III, IV 

i 

1 

j 

Right i 

1051 

Left 

1075 1 

Sum 

2126 ! 

Single^ 

nerv<! 

1 

Right Left 

tS2 86 

Suboesophageal 

fifancflion 

i 

Single 

nerve 

Double 
Ant. t. ! 

i 

nerv(^ 

Post. t. 

Single 

nerve 

IV 

Right Left Sum 
2582 2564 5146 i 

Right Left 
232 239 

Right Left 
68 67 

Right I.cft 
207 217 

Right Left 
48 61 


or after the nerve trunks were issued, giving a difference which is 
approximately equal to the number of efferent fibers found in the nervr* 
trunks or 362. This result suggests that the most of the lilK'rs in the 
nerve trunks mentioned above arise from the suboo.sophageal ganglion. 

The ratio between number of ganglion cells and libers diffcr.s in the 
cerebral ganglion and in the ventral cord. In the formeu- we. find the 
ratio of the number of ganglion cells to that of efferent nerve fibers is 
1 : 2.3, while in the latter it is 1 : 1.2 even in the largest ganglion (XVIII). 

We may be safe to conclude from the above relation that the cerebral 
ganglion contains a larger amount of associative cells which do ^ not give 
rise to the large fibers such as those found in the ventral ganglion. 

2) The enteric nerve. (Table I) 

As Fig. 2 shows, the enteric nerve thickens in a ganglionic manner 
at^ the bottom of the lateral border of the cerebral ganglion, the upper 
s^e which IS connected by several small nerves, while from the lower 
side are given off five pairs of small nerves to the pharynx and neigh- 
bouring parts of the alimentary tract. The branches which innervate the 
alimentary tract just mentioned are histologically characteristic, consisting 
only of fine efferent nerve fibers mixed with a few sensory fibers ; that is 
there are no large nerve fibers such as are found in the single and double 
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1 . 

fibers in Pheretima communissima. 


nerve fibers 


1 5th nerve 

6th nerve 

7th nerve 

Sth nerve 

9th nerve 

10th nerve ' 

Sum 

I Right 

1 238 

Left 

294 

Right Left 
174 169 

Right Left 
VM 129 

Right 

58 

Left 

59 

Right 

26 

Left 

34 

Right Left 
65 69 

3364 

j 


1 Sum 

1 





1 

i 


48 

49 

i 464 

1 


1 ^ . 


i 


1 . - 

1 


Double nerve 
Post. 


Ant. t. 

Riuht Left 
52 55 


Right Left 
280 278 


Ant. 


Double nerve 


I Right Left 
; 71 70 


Post. t. 


Right Left 
79 82 


, 

Single 

nerve 

Ant. 

i 

Double nerve 
t. 1 Post. 

t. 

Sura 

Right Left 

50 49 

. 

Right 

9'4 

Left 

92 

Right 

205 

Left 

203 

2124 


nerve trunks. We see, moreover, iu the peripheral enteric nerves, as ,u»t 
staled, some large ganglion cells. On the other hand, the ^ 

nerve cells in the ganglionic thickening of the enteric nerve is to 1^ 
than in the cerebral ganglion, hut more numerous than in veto, 
cord, namely 819 on the right side, and 824 on the left or 16« n bo h 
combined, contrasted with 12829 in the cerebral ganglion, and 1102 in 

the ventral ganglion (XXX). r n x i 

The estimation made by TuGE, for the number of cells found m the 

enteric thickening was 757 in Pheretirm megascohdtoides, or > ®f 
found in P. communissima despite the fact that the species used by lUGE 

is considerably greater in the body size. . x ,, Kgar- nf 

We further find in the enteric thickening the ratio of the number of 

ganglion cells to that of nerve fibers is on the av^age 464:1643 or 
1 ; 3.5 while in the cerebral ganglion it is 5490 : 12829 or 1 . -. 

In’ short, the enteric nerves are much smaller than the other nerve 
trunks not only in the number of nerve fibers but in their dimeter. 
These various differences just mentioned suggest that the physiological 
properties of the enteric nerve fibers may differ from those of the nerve 
trunks reaching the muscle of the body wall. 

3) The suboesophageal ganglion, (Table I) 



Fig. 4v 
showing the 
nerve tranfes 


Cross sections of the cerebral nerve trunks in Pheretima communissima, 
arrangement of nerve IHiers, XSW. A, 1st... .10th cerebml 

; af, afferent nerve fiber; ef, efferent nerve fiber. 
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Fig 5 Cross sections of the circumoesojfcigeal connective, and Ae angle and 
double nerve trunks given off from the middle portion of it, showing the arrangement 
of nerve fibers, x600. A, circomoesophageal connective; B, single nerve trunk; C, 
double nerve trunk; af, afferent nerve fiber; at, anterior nerve trutdc; ef, efferent 

nerve fiber; pt, posterior nerve trunk. 
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The suboesophageal ganglion, which is connected with the (xu‘ebral 
ganglion by a pair of circumoesophageal connectives, is situated in thc^ 
IVth segment. This ganglion is structurally different from the other 
ganglia of the ventral cord. It contains many large ganglion cells, though 
which are arranged in the usual manner. Furthermore, the ganglion cells 
are uninterruptedly distributed between the suboesophageal and next gan- 
glion of the ventral cord ; namely there exists no internode or no demarka- 
tion line between them. The giant fibers make their first appearance in 
the suboesophageal ganglion. Examined embryologically, the median fiber 
appears in a little earlier stage than the two lateral giant fibers. 

From the suboesophageal ganglion four pairs of single and of double 
nerve trunks arise from each side, as we see in Fig. 2. The 1st pair of 
single and of double nerves are given off at the middle portion of th(‘ 
circumoesophageal connective, while the 2nd and 3rd pairs leave the gan- 
glion itself, running very closely together ; at last, the 4th pair arises at 
the posterior border of this ganglion. 

As Table I indicates, all these nerve trunks are very large, as th(iy 
have a large number of nerve fibers, the largest trunk giving as many as 
275 fibers. The fact that 4 pairs of single and of double nerves arisen 
from this ganglion, means probably that the suboesophageal ganglion is 
formed by the fusion of 4 ganglia which may be considered in rei)r(?senT 
ing the 1st, 2nd, 3rd, and 4th segment. 

On the other hand, the number of ganglion cells is in the suboeso- 
phageal ganglion far greater than in the other ganglia of the ventral coitl, 
amounting to the sum of 5146; the majority of cells being larger in siz(\ 
4) Anterior ganglia of the veiitral cord, (Table II) 

In Fig. 1 the anterior portion (from prostomium to XXIX segment) 
with various organs is shown. We may naturally expect in the ganglia 
of these segments the increase of the nervous elements when compared 
with the typical segments, due to the presence of these additional organs. 
Really the ganglia before the clitellum have, as Table II shows, a large 
number of ganglion cells and nerve fibers, though in the IX, X, XI, and 
XII segments the increase is not so conspicuous as in the more anterior 
segments. In the clitellum, which is a very specialized portion for the 
earthworm, a large number of ganglion cells and nerve fibers are found. 

According to Harms, the clitellum may be taken as a secondary 
female sexual character as its development is completely inhibited when 
the ovary is removed. I have however found a far greater number of 
nerve cells and fibers in the clitellar segments than in the proceeding 
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segments and therefore reached conclusion that this increase might be 
associated with the greater development of glandular cells in these 
segments. If Harms conclusion that the presence of the ovary is responsi* 
ble for the development of the clitellum holds true, the greater number 
of nervous elements found by me might rather be connected with still 
other physiological functions than glandular growth although at present 
we are not yet aware of any other important function of the clitellum 
than secretion. Moreover, if the development of the clitellum is controlled 
both by the ovarian hormone and by the nervous elements as it appears, 
the removal of the ovary would bring about some reactionary change 
upon the other element. For the solution of these problems mentioned 
above further investigations must be done in the future. Among these 
anterior segments a considerable increase of both the cells and fibers is 
noted in the XVIII and in its neighbouring ganglia, in association with 
the presence of a pair of prostate glands. 

Contrary to my expectation, the number of ganglion cells and nerve 
fibers are not increased in the XXVI segment in spite of the fact, that 
the intestine in this segment has a well developed accessory organ or 
Caecum (Fig. 1). In remaining segments from the XXI to the anal 
segment the number of cells and fibers are almost equal in each ganglion, 



Chart 1. Showing the relation between the number of ganglion cells and efferent 
nerve fibers in the principal ganglia, extending through from the cerebral ganglion 
to the most caudal ganglion. 




S56 


K OGAWA 


Table II. 

The number of ganglion cells and nerve fibers in the 
middle portion on Pheretima cornmunissima. 


The number of nerve fibers 


No, of 
segment 

The number of 
ganglion cells 

Neuropile 

Single 

nerve 

Double 

Anterior t. : 

nerve' 

PosU'rior t. 

Sum 


Right 

Left 

Sum 

Right 

Left 

1 Right 

Left 

Right 

Left : 

Right 

l.eft 


V 

1300 

1294 

2594 

! 1042 

1048 

' 284 

290 

72 

139 

81 

135 

3091 

VI 

1191 

1197 

2388 

i 1256 ; 

1298 

180 ' 

178 

68 

125 

70 

121 

3296 

VII 

1108 

1058 

2166 

1219 i 

1202 

: 75 

73 

()8 

127 

(59 

121 

2954 

VIlI 

1210 

1219 

2429 

1196 i 

1185 

i 77 ^ 

73 

69 

113 1 

70 : 

110 

2899 

IX 

902 

917 

1319 

1193 ; 

1187 

78 ; 

79 

71 

90 : 

73 : 

86 

2857 

X 

919 

908 

1827 

1180 

1170 

75 i 

82 

65 

83 ' 

67 1 

84 

2806 

XI 

898 

903 

1801 

1191 

1184 

I 74 

76 

67 

79 1 

72 

80 

2823 

XII 

961 

967 

1928 

! 1196 

1174 

1 82'; 

73 

64 

80 i 

(50 

79 

2808 

XIII 

1329 

1336 

2665 

i 1318 

1316 


83 

87 

97 

88 i 

98 

3170 

XIV 1 

1360 

1347 

2707 

i 1374 I 

1367 

I 91 : 

1 1 

84 1 

86 

98 ' 

92 

9(5 

j 3288 

XV 

1348 

1338 

1 2686 ! 

1382 

1379 

1 22| 

95 

71 

122 

72 1 

107 

:1320 

XVI 

1311 

1 1301 

2612 

' 1384 i 

1391 

' .37 i 

89 

90 

; 115 ’ 

92 

102 

3350 

xvn 

i 

1 1321 

j 1.032 

. 2643 

: 1418 ^ 

1409 

98 : 

94 

94 

118 

92 

122 

3445 

XVIII 

2245 

! 3220 

1 4471 

: 1647 

1634 

: 103 : 

106 

136 

132 1 

133 : 

139 

3830 

XIX 

990 

o 

CO 

to 

i 2072 

1310 : 

1312 

i 80 ! 

83 

1 67 

81 1 

65 : 

82 

3080 

XX 

803 

79.3 

i 1596 ' 

1251 

1243 

67 i 

71 

1 (53 

85 I 

(54' ! 

84 

; 2928 

XXX 1 

669 : 

5.33 

1102 

: 1045 ; 

1023 

i 69 : 

72 

62 

85 

04 

86 

2506 

as already described in my 

previous papers 

(’28, 

’30). 

The 

numerical 


relations mentioned above are shown in Charts 1 and 2. 

Since it was found by me that not only the number but also the 
distribution Of nerve cells within any given ganglion differs remarkably 
frona others, I have attempted to illustrate diagramatically those differences 
just stated in the cerebral, suboOsophageal and in several other main 
ganglia. Jn Chari: 2 the vertical axis indicates the number of the sections 
cut in thickness of 12 micra, while the horizontal axis indicates the number 
of nerve cells contained in each section. In addition, where the single 
and double "nerve trunks are given off, is indicated by the brackets. When 
the number as well as the distribution of nerve cells within each ganglion 
taken from various portions of body are compared, it will be noticed that 
those taken from anterior and posterior ends contain generally a smaller 
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Chart 2 Showing the distribution of ganglion cells within ganglia; Number writ^ 
, V. ,/iinrorvertical axis indicate the number of sections; Number of hortzontnl 
the number of ganglion cells; single bracket indicates posiHon where sin#e 
ne!^e tonk is given off: double brackets indicate positions where dwMe nerve 
given off; A, cLebral ganglion; B, gangKa of subodsophaged to iXth C, gm«U 

of Xto XVth segments; D, ganglia of XVII to roost caudal segments. 
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number of the nerve cells. Furthermore in those ganglia just mentioned 
the sections at the level of the ganglion, where the single and doul)le 
nerve trunks issue, contains a small number of nerve cells while those 
sections taken from the anterior half of the ganglion are most crowded 
with the nerve cells. On the other hand, in the ganglia of typical 
segments and in those taken from the clitellar segments the distribution 
of nerve cells in all the sections is similar, and dissimilar distxabution such 
as noticed m the anterior and posterior ends is not found. I he most 
remarkable manner of distribution of nerve cells will be noticed in the 
cerebral ganglion, suboesophageal ganglion and in the most caudal ganglion 
or anal ganglion. All these ganglia are formed certainly l)y the fusion 
of two or more ganglia. Generally speaking, the number of nerve cells 
contained, and the mode of cell distribution of the nerve cells in any 
given ganglion are correlated with the degree of the physiological activity 
of the segment under consideration, which an appropriate number of nerve 
fibers must innervate. This in turn demands a corresponding number of 
nerve cells. 

5) The last, or the most caudal ganglion. (Table III) 

The last caudal ganglion differs from the typical ganglia not only in 
the mode of dispatching nerve trunks to the periphery l)ut also in the 
structure of the ganglion itself. This ganglion is kept, so to speak, in 

TAurK 

The number of ganglion cells and nerue fibers in 


The aumlxir of 


No. of 
segment 

The number of ganglion cells. | 

i 

i 1 

Neuropile 


! Right 

Left 

Sum 

Right 

Left 

XXX 

1 569 

533 

1102 

1046 

1023 

LXX 

! 524 

520 

1044 

1019 

1043 

a 

1 497 

470 

967 

898 

875 

ai 

1 

487 

931 

703 

718 

Tail eufi 
ganglion 

\ 

1358 

i 

1 1340 

i 

1 

2698 

^ Single nerve 

46 55 

Right Left 

Double 
Ant. t. 

49 50 

Right Left 
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the embryonal condition even in the adult individuals. As Fig. 6 shows, 
the neuropiles are not clearly outlined and the nerve fibers in them are 
smaller than those found in the corresponding parts of the typical seg- 
ments. The ganglion cells, which surround the neuropile, are arranged 
differently from the other ganglia (Fig. 6, E). On the other hand, the 
number of nerve cells contained in this ganglion is twice as much as that 
in a typical segment, as it will be clearly seen in Table III. 

Furthermore, we notice that three double nerves and three single 
nerves, which arise from this ganglion, are kept also in the immature 
state, inasmuch as the double nerve has not yet clearly differenciated into 
the anterior and posterior portions, and moreover both the number and 
size of fibers are far smaller than those in the preceding ganglia (Tables 
11 and III). The single nerves show also an immature condition similar 
to those shown in the double nerves mentioned above. 

Furthermore, the connective between the last ganglion and the preced- 
ing one is not clearly marked, so that we can calculate the number of 
nerve fibers in its neuropile only with much difficulty. 

The giant fibers terminate in the middle portion of the last ganglion 
with the larger lateral fibers and with the smaller middle one. 

As indicated in Figs, 3 and 6, the terminal end of the ventral cord 
bifurcates into two short branches, in both of which fine nerve fibers and 

HI. 

the posterior portions on Pheretima communissima. 


nerve fibers. 


Single 

nerve 

Double 

Anterior t. 

nerve 

Posterior t. 

Sum 

Right 

Left 

Right 

Left 

Right 

Left 


69 

72 

62 

64 

70 

66 

2471 

70 

68 

61 

52 

_ 

75 

77 

2466 

68 

74 

66 

54 

7S 

71 

2169 

73 

69 

48 

48 

SO 

82 

1820 

nerve 

Post. t. 

Single 

nerve 

DoubL 
Ant. t. i 

1 

i nerve 
f Post. t. 

i 

Single 

nerve 

1 

Double 
Ant. t. 1 

1 nerve 

Post. t. 

79 82 

Right Left 

67 65 

Right Left 

44 42 i 

Right Left 

69 61 

Right Left 

58 67 

Right Left 

45 48 68 52 

Right Left Right Left 
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Fig. 6. Cross sections of the terminal branches of the most caudal ganglion, 
and of the single and double nerve trunk given off from this ganglion, X 600. A, 
End single nerve trunk; B, End double nerve trunk; C, .*?rd single ru'cve Inmk; 1), 
3rd double nei've trunk; E, terminal braiich on the right si(l<‘; terminal branch 
on the left side; o/, afferent nerve fiber; e/, efferent nerve fib<%r; /y, ganglion (udls, 

small ganglion cells are contained. 

6) The size of ganglion cells and nerve fibers. (Table IV) 

While the foregoing observations were carried on, 1 hav(^ noticed that 
the sizes of ganglion cells and nerve fibers vary remarkably within each 
ganglion. I shall now present some observations concerning the sizes of 
the- nervous elements. As most of the ganglion cells are pear-shaped, I 
have measured the two diameters, one along the long axis and othei’ 
across the widest portion of the cell body for several of the largest and 
smaH^t cdls in each ganglion. For the nucleus, which is nearly always 
sph^ical, one diameter was measured. The difference of sizes are shown 
in Fig. 7 and Table IV. 

Upon examining the figure and the table, we find in the first place 
that the largest cells in the cerebral ganglion are on the average 28 
mfcra in the long axis, 26 micra in the short one and their nuclei are 
10 tniera in the diameter, whfle the smallest cells are 8 micra in the long 
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A 



Fig. 7. Comparison of the size of the largest and smallest ganglion cells in 
several ganglia of Pheretima communissima, x600. A, and a, largest and smallest 
ganglion cells in the cerebral ganglion; B, and b, largest and smallest ganglion cells 
in the ganglionic thickening of enteric nerve; C, and c, largest and smallest ganglion 
cells in suboesophageal ganglion; D, largest ganglion cells in the ganglion of Vth 
segment; E, and e, largest and smallest ganglion cells in the ganglion of XVlIIth 
segment; F, and f, largest and smallest ganglion cells in the ganglion of XXXth 
segment; G, largest ganglion cells in the ganglion of Cth segment; H, largest gan- 
glion cells in the ganglion of Clllrd segment; I, and i, largest and smallest ganglion 
cells in the last caudal ganglion. 
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Fig. 8. Comparison of the size between the largest efferent nerves fibers in 
several nervous regions of Pheretima communissima, x60(). A, fibers in the cere- 
bral nerve trunks ; B, fibers in the enteric nerve trunks j C, fibers in the circumoesopha- 
geal connective; D, fibers in the double nerve trunks of the suboesophageal ganglion; 

E, fibers in the neuropile in Vth segment; F, fibers in the double nerve trunks in 
XXXth segment; G, fibers in, the neuropile of XXXth segment; H, fibers in the most 
caudal nerve trunks. 

and 5 micra in the short axis, and their nuclei are 5 micra on the 
average. 

The suboesophageal ganglion is very characteristic, for it ha.s the 

largest cells among all the ganglia examined giving as much as 50 x 40 

micra in cell body and 15 micra in nucleus. Moreover those large cells 

are very abundantly present in this ganglion (See Fig. 7 and Table IV). 

On the other hand, the smallest cells of the suboesophageal ganglion arc 
nearly of the same size as those of the cerebral ganglion. In the ganglia 
of the ventral cord, we see a pair of largest cells, which are called the 
giant cells, measuring 35x40 micra, the nucleus, 8 micra in diameter. 
In the most caudal ganglion, which presents an immature form, the small 
cells are not only much smaller than in other ganglia, but are very abun- 
dandy present. The largest cells in the terminal ganglion measure 32 
micra on an average thus giving a much smaller value than in the other 
ganglia. 

’ Regarding the nerve fibers, the largest and smallest fibers measured 
from various peripheral nerve trunks, the neuropile, and circumoesophageal 
connective indicate that -there are no conspicuous differences in different 
^gpents. The cerebral nerves and the enteric nerve trunks are, however, 
exceptioraal in this r^ect j namely, in the cerebral nerve trunks the largest 
nerv6 fibers are much smaller than those of the other se^ents, though 
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Table IV. 

The comparison in the size of ganglion cells and nerve fibers. 


Ganglion 

The largest 
ganglion cells 
(in micra) 

The smallest 
ganglion cells 
(in micra) 

The largest 
nerve fibers 
in diameter 

Nerve Trunks 

Cerebral 

long axis 25 

long axis 9 

6 micra 

Cerebral 

ganglion 

short axis 21 

short axis 7.5 

nerve trunk 

Enteric nerve 

long axis 20 

long axis 12 

4 micra 

Enteric 

short axis 14 

short axis 10 

nerve trunk 

Circumoesopha- 
geal connective 


. 

9 micra 

Circumoesopha- 
geal connective 

Suboesophageal 

long axis 40 

long axis 8 . 7 

12 micra 

Double nerve 
Suboesophageal 
ganglion 

ganglion 

short axis 32 

1 

short axis 7.5 

1 

V 

long axis 34 

long axis 8 . 6 

12 micra 

Single nerve 
Suboesophageal 
ganglion 

ganglion 

short axis 30 

short axis 7.6 

XVIII 

ganglion 

long axis 34 

short axis 30 

long axis 8.6 

short axis 7.6 

10 micra 

Double nerve 
XXX 

XXX 

ganglion 

long axis 34 

short axis SO 

long axis 8.6 

short axis 7.5 

10 micra 

Sin^^nerve 

Tail end 

long axis 20 

long axis 7.2 

2 . 4 micra 

Tail end 

ganglion 

short axis 18 

short axis 5 

ganglion 


the smallest fibers are not much different from all others. On the other 
hand, the enteric nerves consist only of the smallest fibers which are 
nearly equal in diameter to the smallest fibers found in all other segments. 
The fact just mentioned gives us additional evidence that the enteric 
nerves may perform different physiological function from other peripheral 
and cerebral nerve trunks (See Fig. 8). 

In the most caudal ganglion the size of nerve fibers do not exceed 
2.4 micra in diameter, we may therefore assume that this ganglion is 
immature not only as to the cells but also as to the fib^s. 

7) General remarks on the number of ftbers of the peripheral nerve 
trunks in the typical segm^. (Table V) 
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Table V. 

The number of nerve fibers in the branches given 
off from nerve trunks in XXX segment. 



Single nerve 
Right 

I 

Double netve 

Nerve trunks 

Anterior t. 

Posterior t. 


! Right 

Right 

■' ' j 

Original trunk 

8a ■ 

79 

89 

1st branch 

24 

28 

24 

Original trunk 

59 

51 

66 

2nd branch 

i 

16 

20 

14 

Original trunk 

43 

81 

61 

ard branch 

13 

7 

12 

Original trunk 

30 

24 

89 


In addition I have examined the number of nerve fibers in the single 
and double nerve trunks, and in the several branches which arise from 
them. The nerve supply to the body wall was already studied in detail 
by Imai C28), and I have adopted the nomenclature used by him in the 
present paper concerning the peripheral nerve trunks. Single neiwe': 
This nerve enters, after dispatching three branches to the longitudinal 
muscle, into the circular muscle layer, but the further tracing of it be- 
comes very difficult. It is usually stated that the single nerve trunks of 
both sides meet at the ends so as to make a nerve ring, though I could 
not ascertain the fate of the endings as just stated. 

The progressive diminution in the size of the original trunk after 
issuing the branches is shown in Table V and Fig. 9. As will be seen, 
the 1st branch of the single nerve trunk is largest among other branches, 
and the size of the constituent nerve fibers is nearly equal to those in 
the trunk before branching. The number of nerve fibers in the 1st branch 
is equivalent to the difference in the number found in the original trunk 
and the trunk immediately after the 1st branch was given off. 

In the same manner, the 2nd and 3rd branches are given off from 
this trunk, though the sizes of these branches diminish progressively. The 
numerical difference between the branches and the trunk before and after 
the branches were given off hold similar numerical relations as. mentioned 
in connection with the Ist branch. Finally the nerve itself enters into 
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the circular muscle layer, as it was mentioned above* 

Concerning the double nerve, we must separately describe the anterior 
and posterior nerve trunks, because they give off their branches indepen- 


A 



Fig. 9. Cross sections of the single and double nerve trunks (anterior and post- 
<udor trunks) and of their branches in XXXth segment, x 600. A, double nerve 
trunk after the 3rd branching of anterior trunk; a, 3rd branch of anterior trunk; B, 
double nerve trunk after 3rd branching of posterior trunk ; b, 3rd branch of posterior 
trunk of double nerve; C, single nerve trunk after its 3rd branching; c, 3rd branch 
of single nerve trunk; or/, afferent nerve fiber; at, anterior nerve trunk; c/, efferent 
nerve fiber; pt, posterior nerve trunk, 

dently. Soon after they have left the ventral cord, the anterior double 
nerve trunk gives olf the 1st branch which goes to the septum of the 
segment. This branch consists only of small efferent and afferent fibers, 
the number of which is 28, as we see in Fig. 9 and Table V. Thd 2nd 
branch arises at the same distance from the ventral cord as the 1st 
branch of the posterior nerve trunk, and enters into the longitudinal 
muscles. The number of nerve fibers in the 2nd branch is smaller than 
in the 1st one. Then the 3rd branch is also given to the longitudinal 
muscle, while the remaining trunk is divided into several branches, which 
enter the circular muscle layer.: The number of nerve fibers in; these 
branches becomes gradually smaller, as' we. proceed further from the 
ventral cord- The 1st brafieh of the posterior trunk is given off at about 
the level where the 2nd branch is given off by the anterior trunk.- Here 




366 


F. OGAWA 


are some fibers of the 1st branch accompanying the so called '' sensorische 
Schlanche” which goes to the nephridium. This fact seems to be very 
interesting, though I can not at present interpret its significance. Several 
branches arise from the posterior trunk, as from the anterior trunk, but 
the size of nerve fibers in the branches of the posterior trunk is remark- 
ably larger than in those fibers found in the anterior trunk ; even in 
the distal branch the size of fibers is almost equal to those in the proximal 
branch (Fig. 9). At last the given nerve trunk reaches the circular 
muscle layer, where it probably makes the nerve ring. 


SUMMARY 

1) In the cerebral ganglion of Pheretima communissima the number 
of the ganglion cells is far larger than in the ganglion of the ventral cord 
(Table I) ; but the size of the ganglion cells is smaller in the cerebral 
ganglion than in the ventral ganglia. In the cerebral ganglion are seen 
many characteristic ganglion cells which are not found in the other ganglia. 

2) Ten pairs, of the cerebral nerve trunks, which are given off from 
the cerebral ganglion, show some histological differences from the single 
and double nerves, which are issued from the ganglion of the ventral cord, 
in such a manner, that in the former the number of the efferent nerve 
fibers is larger, but the size of them is smaller than in the latter. 

3) The number of cells in the cerebral ganglion shows a considerable 
excess, giving 1 : 2.3 in the ratio of the fibers to the cells. The number of 
nerve fibers includes the efferent fibers in the circumoesophageal connec- 
tives, which may partly take origin in the suboesophageal ganglion. 

These results make us assume the existence in the cerebral ganglion 
of many associative nerve cells, which do not give off their fibers out of 
the ganghon. 

4) The ganglionic thickening of the enteric nervous system consists 
of rdatively smalls ganglion cells. 

Five pairs of nerve trunks which arise from this ganglion contain only 
smaE nerve fibers. 

5) The circumoesophageal connectives are constituted not only by the 
efferent nerve fibers but by the afferent of two different conducting 
systems, one of which originates in the cerebral ganglion, whfle the other 
takes origin in the suboesophageal ganglion. 

6) The ^bo^ophageal ganglion seems to be developed by the fusion 
of fpur ganglM, belonging to the 1st, 2nd, 3rd, and 4th segments, as 
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it gives off 4 pairs of single and of double nerve trunks. The number 
of ganglion cells in the suboesophageal ganglion is the largest among the 
ganglia of the ventral cord ; also the number of nerve fibers in the nerve 
trunks dispatched from this ganglion surpasses the number of single and 
double nerve trunks, issued from any other ganglion of the ventral cord. 

7) In the anterior portion (from V to XX segment), which is very 
complexly organized due to the presence of various sorts of organs, the 
number of ganglion cells and nerve fibers is much greater than in the 
ganglia in the typical segments. Generally, the increase of the neivous 
elements seems to be dependent upon the complexity of the organization 
in a given segment. 

8) The most caudal ganglion appears to remain in the embi'yonal 
condition with respect to the structure of the ganglion cells and nerve 
fibers. 
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PRELIMINARY OBSERVATION 

Parasilurus is a sluggish, carnivorous and more or less gregarious fish. 
I made no special observations on the fishes in their natural habitats, but 
it was noticed that those kept in a small pond assembled together forming 
a black mass. Whether this assemblage is due to the lack of shelter such 
as in natural habitats or not is not yet clear. However, it was found 
that, in a small aquarium in the laboratory a single fish remained there as 
quiet as those that were assembled. The fishes were placed in a small 
aquarium in various numbers, but no remarkable differences were noticed 
but the fishes in a large assembly were more easily to be stirred up, than 
single or several fishes were kept. 

According to Parker (1917) the American catfish, Amiurus is sensitive 
to metallic rods. When a metallic rod is brought near the fish it responds 
by either avoiding or turning towards it according to the kind of rods 
used. It is a well known fact that a metallic rod inserted into water 
produces a local electric current and the amount of the current thus pro^ 
duced differs by kinds of metals as well as the diameter of rods. With 
the same metal, the amount of the current produced is proportional to 
the surface area which is in contact with the water. For the facts just 
mentioned 1 used several rods of various diameters made with various 
metals such a$ copper, iron and some others. From April to May the 
reactions of the fishes to those rods were very dight due probably to the 
cold weather. But from June to July when the water temperature rose 
to 15‘’*-20‘’C., the fishes responded to the stimulus as good as in the case 
of Amiurus tested by Parker* General responses of the fishes to the 
metallic rods are described below. 

Preliminary tests with the rods showed that an iron rod was more 
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stimulating than that made with copper and furthermore with the same 
metal, the heavier the rod the stronger is the stimulus. Vigorous avoidance 
reaction produced upon bringing a heavy iron rod near to them. To a 
less heavy iron rod of 0.3 CM diameter or so, they responded either by 
turning away or even approaching towards it, sometimes responding by 
only moving their barbels. To a thin copper wire brought over the head, 
no reaction was observed but when shown they turned towards the wire and 
even nibbling at it. Occasionally some even snapped at the rod as if it 
were a bait or prey. Thus it soon became clear that the smaller the rod 
the less is the response and when the diameter of rod is further reduced 
reactions cease to occur at all. The smallest diameter of the rod to which 
reactions occur was not determined. It was occasionally observed that 
some were so sensitive that they even responded to a small piece of fine 
copper wire (ca. 0.1 mm. in diameter, 10 mm. long) suspended directly 
over the head by means of a piece of cotten string. 

I next tried to stimulate the fishes with a direct electric current from 
a battery. As an electrode a piece of thin platinum wire mounted on 
copper wire was inserted into a glass tube of suitable size, its end was 
projected out for 2 CM. in distance, and both ends of the tube were fused 
to prevent the penetration of water. These electrodes were kept about 
2 CM. apart from each other when brought near to the fish. 

The responses of the fishes to electric cun’ents were as sensitive as 
with metallic rods. To a current of 0.1~0.3 microamperes the fish showed 
distinct reaction though seldom, only slightly moving their barl)els or ad- 
vancing towards the electrodes, and when the stimulus were withdrawn 
they soon returned to their former position. These reactions just mentioned 
are identical with those obtained with a thin copper wire of 0.2 mm. 
diameter or so. To a current of 5 microamperes or so, reactions occur 
more frequently, the fishes usually avoid or even approach the electrodes. 
In many cases they only moved their barbels as though they feel something 
was nearing them. To currents of 30-50 microamperes the fishes usually 
ran awu^y from the electrodes, and sometimes very vigorously. But even to 
those currents reactions often failed to occur. It was not until the current 
was rais^ to 300-500 microamperes that the reactions always occurred. 
At the moment when the dectrodes with such a strong current were 
introduced the fishes ran away with great vigor. But even here the fishes 
responded sometimes very lazily as if the stimulus were insufficient for 
Ihon. The similar phenomenon occurrs now and then when the fishes 
were tested with a heavy iron rod. 
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When several fishes were tested in succession with the same strength 
of stimulus, some respond more readily than others. The individual varia- 
tion accounts only partly to the differences shown, since further observations 
showed that the same fish was sometimes highly responsive, sometimes 
quitier respond for the same amount of stimulus. Indeed a fish which 
had responded to a slight current at a certain time fails to respond at all 
at other times or on the contrary it shows even far greater sensitivity. 

Broadly speaking, the grade of reaction is proportional to the magnitude 
of stimulus and a definite relation between them such as described by 
Parker with Amiurus seemed to hold good in very special cases wit i t ic 

Japanese catfish. 

However to determine these points more precisely and also with a view 
to accumulate further evidences on the hypothesis recently proposed by 
Hatai and his collaborators ('32) that the responses of the catfish to 
earthquakes are brought about by the influence of earth currents, I earned 
out an investigation in a more definite and systematic way. 


PRINCIPAL INVESTIGATION 

Material and Method , j 

A wooden aqnarinm 35 CM long, 26 CM. wide and 20 CM. deep, was 
partly filled with mud and some waterplants were planted in order to 
immitate the natural habitats. Five such aquariums were arranged in one 
row on a wooden sink. In each aquarium two fishes, large ^nd sm^> 
were kept for continuous observations. The smaller 
body length) were designated as a-group and the larger ones (16-18 CM.) 
as b-group. Individual fish was marked either a„ a^, a, ■ ■ -bi, b^, ba,^. . . 
respectively. Each of the five aquariums contained a„ bi ; a*, ba ; and so 

on respectively. , .r .1 ■ + 1 ,^;,. 

The fishes in the aquarium seemed as natural as if they were in their 

natural habitats, occupying cavities formed in the mud on the darker side, 
or a space between the roots of plants, etc. Spontaneously or probably 
by some diturbances they often swim around in the aquarium fw a whi e, 
usually returning to hiding place previously occupied. The fishes are 
variable in their times of in habiting the same place, some may ^cupy 
the same place for only few days, others for a week or a much longer 
duration, yet occupation of two or three tuch hiding pla^ alteiMtely, 
in general, some seldom stay at any ddinite place for any lengft of tmm. 

For instance a„ a,, b„ possessed no dednite place of abode ; a,, b,. 
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had ±wo binding places ; a^t, b.„ occupied the same place through out, 
though Once temporarily moving by some disturbances, but returning to 
the former spot ; b^ occupied the same place throughout the course of the 
investigation which lasted for a month, sticking himself into a gap made 
between the mud and glass plates occasionally coming of the shelter but 
soon returned into it ; b., formerly had a definite place of abode but after- 
ward roomed around ; a^ belonged to those fishes having a home, but 
unfortunately died in the early course of the investigation. 

From May to June the fishes were often attacked by a fungus, Sapro- 
legnia. A fortnight or so after it was placed in the aquarium the majority 
of the fishes grew weary owing to infection or through some other causes, 
refusing at the same time any food whatsoever and finally perished. 
During these seasons it was difficult to keep fishes in a healthy condition. 
Fortunately in summer when the principal investigation were undertaken, 
the fishes lived long enough in a sound condition. Tire fishes were fed 
with small fish (Cobitiis sp.) two or three times a week, which they took 
greedily and maintained good health throughout the entire course of the 
investigation. 

For the purpose of stimulating the fishes, seven rods of pure copper, 
the diameters of which were 0.5, 1.0, 3.0, 5.0, 8.0, 12.0, mm. respectively 
(all 15 CM. long), were employed. Each rod was .shielded by a glass tube 
of appropriate diameter and 15 CM. long. The tip of the rod of only 
3 CM. was exposed uncovered. The amount of the currents produced by 
these rods when dipped into the water were estimated roughly, as we 
have no means for accurate determination in this station, their approximate 
estimation is ; 0.2, 0.5, 1.5, 3, 6, 10, 20, rtiicroamperes at 20°C. respectively. 
These rods were slowly brought about 2 CM. over the head of the fish 
and held quietly for two or three seconds. 

At first the fishes were tested one by one in a definite order 'with the 
smallest rod and the responses of the fishes to the rod were recorded. 
Immediately after the 'first 'firial the same procedure was repeated with 
the rod of next order and the pfrocess was continued with the seven rods: 
When ah the seven rods failed ^to'-pTodnee and responsej further tests 
were made by an. iron rod of 12 CM. diameter;' When this rod fails, as 
it somettaes did;, the fish was tested with an iron rod of '15 CM.’ diameter, 
to which the fishes so far tested responded without exception. I 

These procedures were carried out three times a day, in the morning 
noon and m the evening, from the 3rd of August to the 1st of Sfeptember; 
From the data thus obtained an example is cited in Table 1. 
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Table L 

: Some tifpical examples chosen from the fundamental data taken 
every day from the 3rd of August to the 1st of September. 


Body^Hsth> Animal. 

August 6th 


IVIorning 

Noon 23.0" 

1 

Evening 23.7' 

' 1 ~ 

^ 1 

1 — 

2 

2 

O 

-fcJ 

- ‘j 

r, s1. po.s. 


12 a, ■ . 4 •- 

4 si. pos. 

4 — 

5 — 

, 5 -- 

5 ■— 


6 si- neg. 

6 neg. 

7 neg. 

7 neg. 

7 neg. 

,1 — 8 neg. 
o - 

1 — 

‘> 

1 — 8 nei;. 

O 

I> — " 

3 •— 

3.™ 

11 4 - 

4 — 

4 ™ 

■ 5 -- 

5 — 

5 — 

6 — 

6 si. neg. 

6 - 

' 7 -- 

7 neg. 

7 — 

1 - 

1 — 

1 — 

o 

2 

2 — 

2 neg. 

3 — 

s — . 

12 an 4 barbel 

4 — 

4 — 

5 

5 - 

5 — 

6 — 

C ncg. 

6 — 

’ “'■* 

7 neg. 

7 neg. 

1 — 

1 — 

1 barbel 

2 — 

2 

2 barbel 

B neg. 

3 — 

3 barbel 

12 a4 4 — 

4 

4 baVbel 

5 — 

5 

5 si. neg. 

6 sL neg. 

6 neg. 

6 si, neg. 

7 neg. 

7 neg. 

7 neg. 

1 barbel 

1 — 

1 barbel 

w> 

2 barbel 

, 2 — 

^ barbel 

3 barbel 

3 T- 

12 ar> 4 barbel 

4 si. neg. 

4 

6 barbel. 

5 si. neg. 

6 barbel 

6 si. neg. 

6 neg. 

6 si. neg. 

7 sL neg. 

7 

7 neg. 

1 barbel 

1 — 

1 — 

2 . 

,'2 — 8 — 

'2 — 

3 — 

3 — 

3 — 

16 b, 4 — 

4 — 9 neg. 

4 

5 — ’ 

5 

5 — 

6 — 

6 — 

6 barbel 

7 neg. 

7 — 

7 si. neg. 

1 pos. 

1 barbel 

X — 

2 pos. 

2 — 

2 
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Body length 

Animal 


August 6 


cm. 


Morning 23.0" 

Noon a^.O" 

Evening 23.7" 



3 pos. 

3 — 

3 — 



4 — 

4 — 

4 -- 

18 

ba 

6 pos. 

5 

5 barbel 



6 pos. 

6 strong neg. 

6 barbel 



7 pos. 

6 si. neg. 

7 barbel 



1 — 

1 — 

1 — 



2 

2 - 

2 



3 neg. 

3 — 

3 neg. 

17 

b;j 

4 barbel 

4 barbel 

4 — 



5 barbel 

5 neg. 

6 si neg. 



6 neg. 

6 neg. 

6 barbel 



7 neg. 

7 neg. 

7 si. neg. 



1 — 

1 - 

1 neg. 



2 — 

2 neg. 

2 neg. 



3 neg. 

3 -- ■ 1 

3 neg. 

16 

b^ 

. 4 neg. 

4 neg. 1 

4 neg. 



5 neg. 

5 neg. 

5 neg. 


! 

6 neg. 

6 neg. 

6 neg. 



7 neg. 

7 neg. 

7 neg. 



1 

1- '1 

1 — 



2 — 

2 — j 

2 


3 - 

8 — I 


18 

b.i I 4 — 

4 - I 

4 ^ 


1 5 — 


5 — 


! 6 — 

6 barbel 

0 


1 7 barbel 

7 barbel 

7 neg. 


Notes i) 1, 2, 3 — are the numbers of the copper rods, diameters of which are 0.5, 
1.0, 2.0, 3.0, 5.0, 8.0, 12.0 mm. respectively, 
ii) In each trial the fish was stimulated at the interval of one minute or so. 
iii) barbel means barbel-moving reaction, 
pos. „ positive reaction, 

si. neg. „ slightly negative reaction. 

Reactions of Parasilurus to the repeated stimuli. 

As will be seen parfJy from Table I the kinds of reactions of the 
fishes to the repeated stimuli are so variable that it is difficult to make 
any simple general statement, but the reactions might be included into 
any £»ne of the following types. 

a) Reactions occur repeatedly several times. 

I. The same reaction is repeated, 
i) Barbel-moving is repeated. 

Examples 

^ 1 barbel 1 

, 2 neg. ■ 2 ^ _ 

” 3 barbel 3 _ 
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4 barbel 

4 barbel 

4 — 

5 barbel 

5 barbel 

5 barbel 

6 barbel 

6 neg. 

6 barbel 

7 

7 neg. 

7 barbel 

August 

Augpst 

August 

(24th b^) 

(11th as) 

(6tb bg) 

ii) Positive reaction 

is repeated. 


Examples 

X ---- 

1 pos. 

1 — 



2 pos. 

2 -- 

3 — 

3 pos. 

3 sL pos. 

4 ^ 

4 ~ 

4 — 

5 ■— 

5 pos. 

r> — 

() pos. 

6 pos. 

6 pos. 

7 pos. 

7 pos. 

7 pos. 

August 

August 

August 

(7th ba) 

(6th b2) 

(5tb bo) 

iii) Slightly negative reaction is repeated. 

1 — 

1 neg. 

1 si pos. 

2 — 

2 si. nog. 

2 si neg. 

3 si. neg. 

3 si. neg. 

3 si neg. 

4 si neg. 

4 si neg. 

4 si neg. 

5 si neg. 

6 — • 

5 si neg. 

6 si. neg. 

6 si neg. 

6 si neg. 

7 neg. 

7 neg. 

7 neg. 

August 

August 

August 

(5th ajO 

C7th aa) 

(3rd b;j) 

iv) Negative reaction is repeated. 


Examples 

1 neg. 

1 — 

1 — 

2 — 

2 — 

2 neg. 

3 neg. 

3 neg. 

3 — 

4 neg. 

4 neg. 

4 neg. 

5 neg. 

5 neg. 

5 neg. 

6 neg. 

6 neg. 

6 neg. 

7 negi. 

7 neg. 

7 neg. 

August 

August 

, August 

C7th b«) 

(6th b4) 

(18th ba) 

i. Reactions become 

more and more 

pronounced. 

1 barbel 

1 pos. 

1 — 

2 si pos. 

2 pos. 

2 — 

3 si pos. 

3 barbel 

3 si pos. 

4 — 

4 neg. 

4 si. pos. 

5 barbel 

5 neg. 

6 barbel 

6 neg. 

6 — 

6 neg. 

7 neg. 

August 

7 — 

August 

August 

(t6th as) 

(14th a^r) 

(Stst ai) 
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III. Reactions become less prbnouneed finally ceasing. 


1 — ’ 

1 — 

1 ^ , 

*■) ' 

2 

3 — ’ 

3 neg- 

3 neg. 

3 — 

4 — 

4 si. neg.', 

4 

5 sL neg. 

5 barbel 

5 neg. i 

6 barbel 

6 barbel 

6 si. neg. 

7 barbel 

7 

7 sL bfti:l)el 

August 

August “ 

August 

(6th b;j) 

(5th a4) 

(5th a:{) 


b) Reactions occur irregularly to the increasing diameters of the rods. 


1 pos. 

1 barbel 

1 nog. 

2 — 

2 

2 — ~ 

3 barbel 

3 barbel 

;} 

4 -- 

4 — 

4 nog. 

5 

5 barbel 

5 — 

6 si. neg. 

6 — ' 

6 neg. 

7 _ 

August 

August 

7 ...... 

August 

(14th aj) 

(13th as) 

(14th a^i) 


c) Reactions occur more irregularly than in (b). 


1 barbel 

1 — 

1 — 

2 — 

2 neg. 

2 neg. 

3 

3 nibbling 

3 

4 — . 

4 — 

4 — 

5 — 

5 — 

6 — 

6 — 

6 — 

G — 

7 neg. 

7 sL neg. 

7 barbel 

August 

August 

Aughst 

(6th bj) 

(12th bo 

(16th b,) 


Besides these eight types given above, there ai'e yet many intermediate 
forms which cannot be included into any one of the eight types. 

The frequencies of each type of response are summed in Table 11. 


Table II. 

^ The numbers of the types of response to the repeated stimuli. 



Sa 

me reactions 
repeatedly 

occur 

Irregularly 

More 

irregularly 

Intermediate 

forms 

Total cases 

Animal 

i 

ii 

^(a) 

1 

, iii iv 

II 

III 

(b) 

(c) 


ai 

7 

2 

4 6 

13 

0 

10 

9 

29 

43 

80 

% 

1 

0 

1 9 

3 

2 

11 ^ 

10 

80 


0 

0 

7 31 

6 

1 

11 

4 

'21 

80 

ai 

3 

0 

0 23 

4 

2 

ii. 

5 


80 
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Same reactions 
repeatedly 

occur 

Irregularly 

More 

irregularly 

Intermediate 

forms 

Total cases 

Animal 




n 

III 







r 

I 

(b) 

(c) 




i 

ii 

iii iv 





bi 

1 

O 

0 0 

3 

0 

6 

11 

57 

80 

bs 

7 

7 

0 2 

5 

0 

7 

7 

45 

80 

b^ 

0 

0 

5 55 

2 

1 

7 

o 

8 

SO 

b4 

2 

1 

0 45 

1 

0 

13 

s 

10 

80 

b4 

4 

1 

3 2 

6 

2 

9 

14 j 

40 

80 


25 

u 

20 104 

41 

8 

85 

70 

276 ' 

720 


From Table 11 it is evident that the dominant type of response is 
that of the repetition of the negative response and that of an intermidiate 
response which comes next in order. It is noticeable that the fish which 
reacts stronger for increasing size of the rods (11) are relativly less frequent 
contrary to our expectation. 

Individual characteristics 

it is interesting to note that each fish shows a characteristic manner 
of response, in other words each fish shows individual characteristics 
towards the stimulus (see Table 11). For instance, ag, b^, b, gives Type 
a iv very frequently but Type b or Type c less frequently. In this con- 
nection the behaviors of these fishes in the aquarium are worth, noting. 
These fishes just mentioned stayed at the so-called home showed Type a 
iv reaction frequently which indicates that they were very responsive to 
the stimuli. On the other hand aj, as, bs belonged to those fishes that 
had no definite place which they occupied for any duration of time and 
their dominant reactions were the irregular forms of responses of Type b 
or Type c. a 4 , bj had two or three places of abode which they occupied 
alternately they showed Type b and Type c relatively frequently but 
lacked types a. bs formerly had a definite place of abode for a long time 
but later roamed about, he showed Type b or Type c frequently which 
means that this fish was lazy so to speak. 

The facts shown above indicate that a fish which readily hides him- 
self by shelter seems to respond regularly to the stimulus. But the 
reactions found with the fish living in a small aquarium may not always 
be the same with the fish in the natural habitats. 
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Occurrence of various kinds of responses in relation 
to the magnitude of the stimulus. 

The frequencies of different kinds of responses, are summed in Table 
III. 

It was found that the types of the responses of the fishes to increasing 
diameters of copper rods at first seem highly variable but further analysis 


Table III. 

The relation between the occurrence of various kinds of 
responses and the magnitude of stimnlm. 


Animal 

barbel 

pos. 

nib. 

Slightly 

neg. 

Strongly 

No 

lotal 





neg. 

neg. 

rcspon.se 

trials 


1 

4 

6 

1 

2 





68 

80 


2 

7 

7 

— 

3 

1 

— 

62 

80 


a 

15 

6 

— 

2 

— 

— 

57 

80 

ai 

4 

11 

5 

— 

7 

3 

— 

54 

80 


5 

21 

1 

— 

3 

2 

— 

53 

80 


6 

22 

3 

— 

12 

16 


25 

97 


7 

9 

0 

— 

6 

38 

2 

55 

71 



89 

29 

1 

34 

59 

2 

B34 

5t8 


1 

— 

2 

— 



3 


75 

80 


2‘ 

1 

1 

2 

— 

3 

1 

71 

79 


3 

2 

1 

— 

o 

4 


69 

78 

32 

4 

4 

— 

— 


7 


68 

79 


5 

3 

1 

— 

3 

9 

— 

62 

78 


6 

11 

— 

— 

2 

19 

1 

38 

71 


7 

5 

— 

— 

1 

35 

— 

29 

70 



26 

6 

2 

8 

80 


412 

535 


1 

— 



1 

13 

— 

64 

78 


3 

1 - 

— 

— 

6 

9 

— 

59 

74 


3 

2 

— 

— ' 

6 

25 


38 

71 

as 

4 

i 1 

— 

— 

7 

27 


40 

75 


5 

— ' 

— 

— 

C 

39 


30 

. 75 


5 

1 

’ — 

— 

9 

45 

1 

16 

72 


7 



— 

8 

46 

— 

8 

62 



i' , 5 

0 

0 

42 

204 

1 

255 

507 


' 1 

2 

1 


1 

' 4 



72 

80 



4 

— , 

— 

1 

5 

— 

68 

78 


3 

5 

— 

— 

1 

10 


64 

80 

34 

4 

4 

— 

— 

2 

18 


50 

‘ 74 


5 

7 

— 

— 

6 

20 



39 

71 


6 

7 

6 

8 

1 

— 

6 

o 

37 

45 

1 

22 

"9 

72 

66 



36 

2 

0 

19 

139 

1 

324 

521 
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Animal 

barbel 

pos. 

nib. 

Slightly 

ncg. 

Strongly 

No 

Total 




ncg. 

neg. 

response 

trials 

1 

3 

1 

— 



3 

1 

12 

80 


2 

1 

— 

O 

2 

— 

73 

SO 

3 

' — 

1 

— 

1 

1 

— 

77 

80 

bi 4 

2 

5 

— 

1 

— 


72 

80 

5 

4 

1 

— 

3 

— 

— 

67 

75 

6 

9 

3 

— 

5 

3 

— 

55 

75 

7 

7 

6 

— 

6 

10 

1 

38 

67 


27 

17 

0 

18 

19 

o 

464 

537 

1 

6 

1 









74 

SO 

2 

3 

1 

— 


— 

, — 

73 

77 

3 

2 

4 

1 

— 

— 

— 

73 

80 

b^ 4 

2 

- — 

— 

1 

o 

— 

70 

75 

5 

7 

2 

— 


2 


60 

71 

6 

11 

7 

— 

o 

2 

— 

45 

67 

7 

16 

12 



3 

9 

— 

38 

78 


41 

27 


6 

16 

0 

433 

628 

1 



2 



1 

36 



41 

80 

2 

! 

— 

— 

4 

♦34 

o 

34 

77 

3 

4 

1 

— 

7 

42 

1 

26 

80 

b:i 4 

6 


— 

7 

48 

— 

20 

80 

6 

2 

— 

— 

8 

54 

— 

8 

72 

6‘ 

3 

— 

— 

9 

63 

1 

3 

79 

7 

— 

— 

— 

5 

74 

1 

— 

80 


17 

3 

0 

41 

361 

6 

132 

649 

1 

2 


— 

3 

26 

3 

47 

81 

2 

3 

— 

— 

4 

32 


40 

79 

3 

3 

— 

— 

6 

40 

1 

30 

80 

bi 4 

3 

, — 

— 

3 

44 

— 

24 

74 

5 

3 

— 

— 

4 

46 


23 

76 

6 

4 



2 

60 

— 

14 

70 

7 

— 

— 

— 

3 

56 

3 

10 

72 , 


18 

0 

0 

24 

294 1 

7 

1 188 1 

532 


Notes I) 1, 2, 3 — are the numbers of the copper rods, of which the diameters are 
0.5, 1.0, 2.0, 3.0, 6.0, 8.0, 12.0mm. respectively. 

II) barbel means barbebmoving. 
pos. „ positive reaction, 

niv. „ nibbling, 

show that the responses are more definitely related with the magnitude 
or the stimulus (Table III), that is, the cases of the negative responses 
increase as the stimulus becomes stronger, conversely the positive responses 
become more frequent with decreasing stimulus. Barbel-moving reactions 
seemed to occur almost independently to the magnitude of the stimulus, 
within the limit of stimuli applied. As to the nibbling reactions no 
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definite relation could be found as it occurred seldom. 

Strongly negative responses should occur naturally to stonger stimuli, 
but as are shown in the table the reactions occurred not only to the 
weaker stimuli but even to the weakest. Often the reaction fails to follow 
with the rod of the next size after the first reaction occurred with the 
rod of the smallest size, but reoccurs only when much stronger stimuli 
were applied. This means probably that when the fishes are stimulated 
at short intervals, they become accustomed or fatigued and do not respond 
to moderately increased stimuli, but as the stimulus become much stronger 
they become vigorously responsive again. 

What is described above indicates that the reactions vary with the 
magnitude of the stimulus. As to whether or not these variable results 
were due to the mode of testing or repeated stimuli at short intervals, 
can not be settled definitly, until the fishes are tested at much longer 
intervals. During the course of experimentation we met with another 
complication due to the habit formation to the stimulation. For I encount- 
ered occasionally with some fish which when tested often with stronger 
stimuli, apparently formed a habit of exhibiting negative response not only 
to the metal rods but even to the baits brought near them* Some other 
fish which showed a negative response to the given size of metal rod 
approach towards the same rod if kept undisturbed for a long time, but 
was occasionary fed with earthworms or with live fishes. 

The present work was undertaken at the suggestion of Prof. S. Hatai, 
whom I wish to express my hearty thanks for his kind guidance in the 
course of the work. I wish also to thank the Saito Hoon Kai (Saito 
Gratitude Foundation) for financial aid. 


SUMMARY 

1. The responses of the catfish, Parasilurus asotus, to the repeated 
stimuli With the copper rods, show considerable variation. But the 
re^onses may be classified into reveral types. 

2* The kinds of responses are dependent generally on the magnitude 
of the stimulus given. 
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ECOLOGICAL OBSERVATIONS ON BATILLARIA 
MULTIFORMIS (LISCHKE)* 

By 

Noboru Abk 

Marine Biological Station, Asamushi, Japan 
i with 7 figures ) 

( Received December 10, 1933 > 

INTRODUCTION 

Batillaria multiformis (Lischke) is commonly seen on sand shores and 
on rocks covered with sea weeds {Gloiopelis furcata, var. intricata, Swr.) 
near the Mitsui Institute of Marine Biology at Susaki on the Izu Penin- 
sula. This gastropod belongs to Platypoda of Prosobranchia, and are 
found forming groups on rocks though it does not colonize like Acmaea 
dorsuosa Gould (Abe, 1933). Their habitats are varied being found in 
the sea, on the exposed rock, in the sand and also in the tide-pooL So 
1 thought that it will be very interesting to compare its behavior with 
Acmaea, In this paper I have described, mainly, the. movement of this 
mollusc. 

This work was carri(‘d out at lh(^ Mitsui Institutes of Marine Biology 
since the middle of May to the beginning of July in 1933. Flere I wish 
to express my sincere^ thanks to Baron K. Mitsui for affording me this 
opportunity for research work and for his good wills in many ways. 
And I wish to express my hearty thanks to Prof. Dr. S. Hatai for his 
kind direction and suggestions given during the work. 

HABITAT 

Batillaria multiformis inhabits the region between high and low tide 
mark, or the littoral zone. As to the number of individuals found in 
any given locality, it was found to differ according to the habitat ; rocky 
shore, pebbly shore and sandy shore. The following figures were obtained 
in one square metre at the regions where the shells were most crowded. 

Rocky shore — 529 ; Pebbly shore — 115 ; Sandy shore — 64. 

On the rocky shore habitat, the snail is seen only where the rock is 
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Fig. 1. Batillaria multiformis in the ro(*k hal)iiaL. 
(photographed on June 4, 1933, 9:40 amJ 


covered with Gloiopelis furcata, var. intricata in summer (Fij;. I), hut in 
one occassion after a stormy night they were found on rocks (>v(m where 
sea weeds do not grow. This snail is seen hoth on iIki liglit and on tin* 
dark side of the rock and thus differs fi-om iht' Ixdiavior of Acrnaea (Abk, 
1931) and of Monodonta both which liv(^ on th(^ (liirk('r sidc^ normally. 
The direction of the shell on the rock is al)out constant showing h(‘ad 
side up and apex of the shell down. The positions on th<‘ sandy shoix' 
are so complicated that it will be de-scribed in the later pag<!s of this i)ap(‘r. 


METHOD OF LOCOMO'I'ION 

Unlike that of Littorivaga and Acmaea the lu'opagation of waves on 
the foot surface of this species can not clearly be seen owing to the 
presence of dark brown pigment. However the method of differentiation 
of locomotion by Vles (1907), Batillaria belongs to monotaxic direct 
movement. Characteristic locomotion of most snails is smooth mov<'m(mt 
by slow gliding only as will be seen with MonodotUa, Littorivaga and 
Nerita, but Batillaria moves by slow gliding mixed with leaping in ix^gular 
intervals as in Strombus (Parker, l92Si). A kimographic recoi-d of the 
leaping is shown in Fig. 2. 
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Fig, 2. Kimographic x'ccord of creeping of Batillaria and other 
animals.^^ 

A. Batillaria multiformis (LiSCHKE).-Uminma. 

B. Nerita (Heminerita) japonica DuNKER.-Amagai. 

C. Japeuthria ferrea (REEVE).“Isonina. 

D. Monodonta (Melagraphid) neritoides (PHrLLiPPi).-Kurozukegai. 

On the number of leapings, 11 to 15 leapings per minute in the field 
and 11 to 33 leapings per minute in the laboratory at about 28‘'.0C. Were 
noted. 


BEHAVIOUR 

Here, the behaviour of Batillaria in the sandy shore habitat will be 
described. For this purpose I have made a frame of one square metre 
with partitions in every 20 centimetres and determined the number of 
individuals in each partition together with the direction of creeping and 
other properties. Each observation envolves the records taken from five 
different places on the sand shore and then averaged. 

I. Time of creeping 

I wished to find out the time when Batillaria creeps for feeding or 
for other purposes. I have observed every day at the sand shore and it 
became clear that it creeps only in the time of low-tide as shown in Fig. 
3. In Fig. 3, it is seen that Batillaria creeps as the sand begins to 
become exposed or two or three hours before the lowest tide was reached, 
the manner of creeping will be described in detail. 

At the moment the sand begins to appears with the ebb-tide, Batillaria 
begins to raise the sand a little and 20 or 30 seconds after it again lifts 

UOn the identification of these snails I am greatly indebted to Mr. T. Kuroda. Here 
I wish to express my sincere thanks to him. 
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Fig. 3. Locomotion of Batillaria in relation to tide. 

* — • — • high-tide. low- tide, 

O individuals are all in creeping. 

• individuals buried their bodies in the sand. 

3 half of all the numbers are in creeping and the rest are 
buried in the sand. 

up the sand, followed by a spiral movement of body as though the shell 
is screwed out of the hurried sand. Finally the entire body appears on 
the sand and before it begins creeping the shells are usually rolled several 
times by the waves. The following will illustrate the statement just given. 

June 11th, 

9:41 am. . . . lifted the sand. 

:4^ 50 ....Entire body appeared. 

:43 30 ....Lies horizontally on the sand. 

:43 45 ... .Rolled by waves. 

:44 16 — -Resumes normal position and begins creeping. 

Batillaria feeds on diatoms and algae on the sand while creeping. 
But 20 or 30 minutes after staying on the sand it begins to prepare for 
burying its body again in the sand in boring a hole by the end of the 
operculum, and creeps in from the head side, as is shown in Fig. 4. 
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Fif'. 1'. Hdtillarid midtiformis ci'iH'pecl in the sand. 
I photo}>i’ai)h('d on Juno 4, 19J3, 9:50 am.) 


Batillaria thus l)ufi*i(ul in the sand do not move at all untill the tide 
flows and the entrance-marks made by the snails are obliterated by the 
waves. At the time of high-tide, water over the sand habitat reaches a 
depth of 50 or 60 centimetres. I do not know whether during the time 
of high-tid(‘ it creei)s under the sand, as I have never met a single instance 
of cr’cc'ping on th(^ sand. 

Batillaria are found under the sand, at a depth which is less than 
three centimetres and the majority of them were 1. to 1.5 centimetres in 
depth. I have seen individuals lie quietly, cover their bodies lightly with 
sand and especially the head end very thinly. A little hole is invariably 
found near the head of each such hurried individual (Fig. 5). On the 
17th of May, I have noticed 33 individuals each hciving one hole and 
only one individual having no hole at all. This hole probably serves the 
purpose of respiration, but this requires further investigation. 

On days when the sun shines strongly and the sand dries quickly, 
Batillaria buriies only its head end into the sand. 

It is noticeable that when low-tide occurs twice a day, once in early 
morning and once in the evening, as on the 17th of July, only 4 individuals 
per one sciuare metre were found creeping in the morning, while 42 
individuals per one square metre in the evening. On the 18th, creeping 
individuals were more numerous in the evening than in the morning. At 
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Fig. 5. Batillaria multiformis buried in the sand with a small hole. 

night or on a brightly shining moon-night, the species do not creep at 
all even at low-tide. 


2. Direction of creeping 

I saw many Batillaria creeping landward from sea on tlie 25th of 
May, on the 3rd of June, I saw their creeping seaward from land. So 
I wished to know what induces them to creep either landward or sc'award. 
I have thus observed since the 3rd of June, the direction of creeping every 
day for nearly one month. The results are shown in Table I. 

Table 1. 

Direction of creeping of Batillaria 


Date 

Time 

Atmos- 
pheric 
tempera- 
ture in 

No. of 
inds. per 
one metre 
square 

No. of A 

inds, creep Direction 
in the of creeping 

sand in degrees 

B 

Direction 
of sun 
light in 
degrees 

A-B 
in degrees 

June 3 

3:50 pm 


44.4 

1.0 

155 

150 

5 

M 4 

5:40 pm 


26.0 

0 

176 

171 

2 

5 

S:00 am 


16.0 

3.6 

88 

i 30 

58 

„ 6 

— 


; __ 

' 




,* 7 

10 : 10 am 


0 

0 



[ 

8 

8:50 am 


9.0 

0.4 

65 

1 41 

24 

„ 9 

8:50 am 


15.6 

O.S 

55 

1 41 

i 14 

„ 10 

9:30 am 

23.0 

16.0 

8.4 

57 

51 

i « 
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Date 

Time 

Atmos- 
pheric 
tempera- 
ture in C° 

No. of 
inds. per 
one metre 
square 

No. of 
inds. creep 
in the 
sand 

A ^ 

Direction 
of creeping 
in degrees 

B 

Direction 
of sun 
light in 
degrees 

A'-B 
in degrees 

June 11 

9:30 am 


15.8 

1.4 

74 

51 

23 

„ 12 

10:30 am 


27.6 

2.2 

82 

68 

14 

„ 12 

10:60 am 


25.6 

0 

101 

79 

22 

14 

11:60 am 


35.4 

0 

79 

86 

7 

M 15 

0:60 am 


22.6 

0 

148 

103 

45 

M 16 

3 ; 10 pm 


25.2 

0 

137 

137 

0 

„ 17 

9 : 15 am 


3.2 

l.C 

— 

5.-? 


5 : 40 pm 


4t.4 

0 

— 

175 

— 

„ 18 



— 


— 



,, 19 

9:25 am 


14.2 

7.4 

— 

49 


20 

8:40 am' 

26.0 

10.4 

5.6 

53 

38 

15 

21 

— 


— 

— ■ 

■— 

— 


„ 22 

i 8:10 am 


4.2 

0.2 

49 

32 

17 

H 22 1 

9 : 10 am 

23.0 

2.0 

0 

— 

47 

— 

„ 24 

8:40 am 


17.8 

6.8 

44 

40 

4 

25 

9:50 am 

26,0 

6.4 

5.4 

— 

46 


n 26 

10:40 am 


7.8 

6.8 

— 

69 


M 27 

10:40 am 

27.0 

7.6 

6.4 

75 

70 

5 

„ 28 

10 10 pm 

26.0 

10.0 

0 

49 

62 

13 

29 

2:40 pm 

24.0 

12.2 

3.0 


130 

— 

20 

11:60 am 

28.0 

12.4 

2.0 

83 

86 

3 

July 1 

-- 


— 

-- 

— 

— 

— 

2 

9 : 00 am 

29.0 

11.4 

6.8 

134 

134 

0 


In Table I, the number of individuals which were either creeping or 
those which were creeping out or into the sand were recorded. The 
direction of creeping was recorded with respect to the position of the 
sun. As to the direction of sun-light, O'* signifies that it shines from east 
to west, from south to north by 90°, and from west to east by 180°. 
From Table I, we see that the direction of creeping accords with the 
movement of the sun light within the deviation of about less than 20°. 
For this reason it is clear that the direction of creeping in the morning 
is quite opposite to that in the evening. 

5- Number of individuals in creeping in relation to moon (Migration). 

In Table I, it is clear that the number of Batillaria which were 
creeping on the sand changes every day. I have also recorded the numba: 
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of newly migrated molluscs on a small rock for the purpose of determining 
the factors which may modify the number of migrators. The size of the 
rock chosen for this purpose is 1.3 metres in length, 0.6 metres in breadth 
and 0.2 metres in height, and is separated by sand from the beach cliff 
i^by only 70 centimetres. The results of the observations are shown in Fig. 
6 together with the change of number of individuals creeping on the sand. 



Fig. 6. Number of individuals in creeping in relation to moon (migration '. 

• • individuals migrated to a rock. 

o o individuals creeped on tbe sand. 

O full moon. # new moon. ([ or ]) half moon. 

In Fig. 6, we see tfiat number of individuals creeping on the sand 
vary considerably and the minimum numbers were found on the 7Lh and 
the 22nd of June. The 7th is a day of full-moon and the 23rd is a day 
of hew moon. While on the days of half-moon, the number of individuals 
was most numerous. On the 7th and 21st a very heavy rain fell and 
the rest of days were fair. It seems at first, that the fewer number of 
individuals found creeping on the 7th and 21st may be attributed to an 
influence of rain fall as for instance J. D. Haseman'^ (1911) found with 
the movement of lAtorino. litorca, but on the contrary the reduction of 

UJ. D. Haseman (1911) found with the movement of Litorina litorea, that “When it 
rains on exposed snails, they become quiescent just as they do when splashed by the water. 
IhOTefore duiteg stormy as compared with fair days, a considerable difference in the 
aiuauiit of oscillations of Litorina litorea was noted.^* 
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numbers with our case was already seen about two days before the rain 
fall. So I think that the periodical increase or decrease in the number 
of individuals is more likely related to the moon or to the tide. 

4. Movement of Batillaria affected by light 

Batillaria creeps in a direction opposite to sun light as stated above, 
and this reaction was found in about 95 9^, Therefore it is clearly evident 
that Batillaria shows a nature of negative phototropism in the field. I 
now wished to determine how they would adjust themselves (when they 
were placed in either dark or in poorly lighted rooms) and the following 
experiments were cairied out. 

In the middle part of a daik room some 5 metres square, 4 glass 
plates of 30 centimetres square were laid horizontally, and one Batillaria 
is placed on the centre of each glass plate and one or half hours later 
their traces were examined. This trace is clearly printed by a kind of 
mucus secreted by the snail. When light is needed, the curtain which 
hangs in front of a window of about one square metre is raised. The 
window is situated at the south-west corner of the room. 

The snails used were collected from the sandy shore, just before the 
experiment. 

(1) Movement in the dark room. At first I wished to determine how 
Batillaria creep in the dark room. A glass plate was placed under a 
electric light, which is suspended from the ceiling. As soon as the snail 
was placed on the glass plate the electric light was turned off and 30 
minutes later the traces were examined. I have tested 27 individuals 
using one in each test. Fig. 7 will show some of the tracings. 

As is shown in Fig. 7, Batillaria shows a circular movement at the 
beginning of creeping. At the beginning some snails show right handed 
and others show left handed circular movements ; 14 individuals out of 
27 showed right handed and the remaining 13 individuals showed left 
handed circular movements. This initial circular movement is followed 
by either a spiral movement, or by a wave-like movement. 13 individuals 
showed a wave-like movement and 14 individuals showed a spiral movement. 
All the individuals which showed a spiral movement exhibited a right 
handed spiral movement. It is interesting to know that the shell of 
Batillaria is a right handed one. 

The young individuals of about 8 to 9.5 milimetres in shell length, 
show nearly the same behaviour as the old ones. The diametre of the 
circle traced by the spiral movement of older snails were about 7 to 25 
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Fig. 7. Copies (1/8) of the tracks made by snails (Batillarta multiformis) 
in the dark. 

1, 2, 3. tracks made by young individuals. 

4—8. tracks made by older individuals. 

1. left handed circus movement. r. right handed circus movement. 

centimetres, while those traced by the younger snails were only 0.13 to 
0.3 centimetres. 

(2) Phototropism in the room. One Ba,tillaria was placed on a glass 
plate, making an angle of 45 degrees with the direction of light, and 
one hour later the trace was examined. The results are given in Table 11. 

Table II. 


Phototropism of Batillaria 


Animal 

Date 

Atmospheric 

Angle of 

Angle of deflec- 


number 

June 

temperature 
in e 

creeping in 
degrees 

tion to light 
in degrees 

Phototropism 

1 

2 

13 

25.0 

30.0 • 

- 15.0 


3 


ff 

17.5 

- 27.5 

+ 

4 



24.0 

- 21.0 

4" 

5 

tf 

9% 

40.0 

- 5.0 

+ 

6 

1 1 

ff 

55.5 

+ 10.5 

+ 

7 


ft 

160.0 

-115.0 

— 



: t* 

? 

• ? 

? 
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Animal 

number 

Date 

June 

Atmospheric 
temperature 
in C° 

Angle of 
creeping in 
degrees 

Angle of deflec- 
tion to light 
in degrees 

Phototropism 

8 

13 

25.0 

38.0 

o 

1 

4- 

9 

14 

*> 

51.5 

+ 6.5 

+ 

10 


>> 

36.5 

- 8.5 

4- 

11 



57.0 

+ 12.0 

4- 

13 


ff 

42.0 

3.0 

4- 

13 

15 

24.0 

69.0 

+ 14.0 

4- 

14 

M 


68.5 

+ 13.5 

4- 

16 

,, 

• > 

63.0 

+ 8.0 

+ 

16 


ft 

43.0 

o 

1 

+ 

17 



68.5 

+ 13.6 

■f 

18 

t 1 

79 

63.0 

+ 18.0 

4- 

19 

n 

77 

47.0 

+ 2.0 

4- 

SO 

,, 


54.5 

-f 9.5 

4- 

21 



41.5 

- 3.5 

4- 

22 

1 


41.6 

- 3.5 

4- 

23 


24.6 

26.6 

- 18.5 

4- 

21 

II 

$7 

33.0 

- 12.0 

+ 

26 1 

I ) 


49.5 

4* 4.5 

4- 

26 

n 

7t 

61.5 

4- 6.5 

4- 

27 

19 


31.0 

- 11.0 

+ 

28 

16 

99 

40.0 

- 6.0 

4“ 

29 

M 

99 

63.0 

4- 18.0 

4- 

30 

»» 

99 

68.0 

+ 13.0 

4 

31 


19 

54.0 

4- 9.0 

4“ 

32 

rr 

$f 

63.0 

4- 18.0 

4- 

33 

>« 

77 

45.6 

4- 0.6 

4- 

34 



64.0 

4- 19.0 

4* 

36 


„ 

19.0 

- 26.0 

4 

36 


77 

46.0 

“1" 1 *0 

4 

37 

” 

79 

241.0 

+ 199.0 

— 


Not of cases which showed positive phototropism 94^^ 


In the column of “Angle of deflection to light”, 4- indicates that the snail 
creeped to left ward from the direction of light, and — indicates that of to right 
ward. 

As are shown in Table II, 37 individuals were examined, and 34 
showed positive phototropism withhi deviation of 2.9 degrees of cre^ir^ 
angle to light (between 27.5“ to right and 20.0“ to left). At tke beginrii^ 
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of creeping 15 individuals out of 35 showed a circular movcnaont. 

It thus becomes clear from the present test that Batillaria shows 
reversed reaction to light in the room when compared with the reaction 
shown m the field. There were several cases of exceptions in which the 
mdividuals numbered 8, 9 and 12 showed at first positive phototropism 
o er snails and crept about 30 to 40 centimetres towards the light 

but then turned their direction gradually away from the light and showed 
negative phototropism. ‘Miowea 

la ^ Batillaria shows random movement in the 

and m the defused day light it shows positive phototropism, because 5 
necessity of a brighter light- and under the direct sun light, rshows 
negative phototropism, because of too strong a light. In this connection 

‘ropism which t 

Batillaria shows a circular movement in the dark without excentmne 
u in the defused day light, it appears in 50 of them. So Uhink 


5. Movement of Batillaria affected by stream 
{Experi'mcnt on ThcotTopisTn) 

During low-tide, a shallow stream is formed on one part of the smdv 
shore near the Station. On July 2nd at 3 ■ 00 nn! L i i , 

founa .4 z;" f t 

was airectea towards the upper part of Z ZZ It I Z Z‘ 

b. 3 to 5 «viaZ "sZ^I 

distonZrf toZZf:“rjZd 

^berZZs rzs: f™ - “z:: 
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suggest that BatillaTia may possess a positive rheotropic nature, and the 
following experiments were carried on to test this idea. 

A glass plate is inclined five degrees to the horizontal plane, and 
sea-water runs from the higher part of the plate in the rate of 350 to 
400 cc per minute, and 5 individuals are placed on the lower side of the 
plate, each being separated 4 centimetres apart and their heads were 
directed towards the source of the stream. 30 minutes later their traces 
were examined. The results are shown in Table III. 


Table III. 

Rheotropism of Batillaria 


Animal 

number 

Date 

Atmospheric 

Angle of deflection to the 
source in degrees 

Rheotropism 

temperature ■ 
in C 

1st lOcms 

2nd lOcms 

1 

June 29 

23.5 

— 47.0 

+ 8.5 

4- 

2 


II 

- 42.5 

+ 19.6 

+ 

3 

It >» 

FI 

+ 6.0 

+ 5.6 


4 


if 

- 18.6 

+ 46.6 

+ 

6 



+ 67.5 

- 4.0 

+ 

6 


tf 

- 35.0 

- 1.5 

+ 

7 

>1 ' »» 


— 10.6 

o 

1 

4- 

8 


II 

4“ 36.5 

+ 119.0 

+ 

9 


II 

- 1.7.0 

+ 38.6 

+ 

10 


II 

— 

+ 133.0 

— 

11 

H 30 

27.8 

- 2.5 

+160.0 

+ 

12 

ft yf 


+ 49.0 

+130.0 

— 

13 

7f 

II 

+ 35.0 

— 12.0 

+ 

14 


II 

-106.0 



16 

FI II 

II 

- 47.0 

- 20.0 

+ 

16 

II 11 

II 

-114.0 

- 95.0 

— 

17 

>> >> 

11 

+140.6 

+ 92.0 

— 

18 


II 

+ 81.0 

- 90.0 

— 

19 

II >1 

II 

-116.0 

•* 

— 

20 

II II 

VI 




21 

July 2 

29.4 

- 8.0 

- 1.0 

+ 

22 

1 >» 

y 1 

^'^+126.0 

+107.6 

— 

23 


II 

0.0 

+ 3.0 

+ 

24 

II >1 

II 

20.0 

- 60.0 

+ 

25 

VI II 

fl 

+ 12.0 

-174.6 

+ 

26 

1) 1) 

28.8 

j — 11.0 

-106.5 

+ 
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Animal 

number 

Date 

Atraospberic 
temperature 
in C° 

Angle of deflection of the 
souice in degrees 

1st lOcms 1 2nd lOcms 

Ph<H)tropism 

27 

July 2 

28.8 

+ 10.0 

+ 1.0 

+ 

28 


>> 

- 69.6 

+ 10.0 

+ 

29 

>» »» 

* f 

-- 9.6 

- 29.0 

+ 

30 

II 11 


- 44.5 

- 27.0 

+ 

31 


29.0 

- 3.0 

+ 17.0 

+ 

32 

)» >j 


+ 82.0 


— 

S3 



- 1.0 

+110.0 

+ 

34 

i» ft 

i» 

- 22.0 

+ 103.6 

+ 

35 



- 26.0 

+ 2.0 

+ 

36 


29.6 

- 82.0 

o 

oo 

I 

— 

37 

»» »i 


- 23.0 

+ 5.0 

+ 

38 

»» tt 


4- 15.0 

+120.0 

+ 

39 

tf t* 

29.9 j 

+111.0 

- 62.0 

+ 

40 



-141.0 

- 47.0 

+ 

41 

tf 


- 25.0 

+ 13.0 

+ 

42 

}) ft 


+ 66.0 

+ 06.0 

+ 

43 

>1 


- 1.0 

+ 21.0 

+ 

44 

»» t» 

1 

1 - 76.0 

+ 23.0 

+ 

46 


! 

- 3.0 

+ 60.0 

+ 


No. of cases which showed positive rhcotropism 77,7^^^ 


* + indicate that the snail creeped left ward, and — indicate that of right ward. 

In Table III, we see that 35 among 45 individuals showed positive 
rheotropism and 10 individuals showed negative rheotropism. Differing 
from the values obtained in nature where 97—100^ showed positive 
rheotropism while in the present experiment the positive reaction was 
shown by 78?^. But I think the difference of about 20 9^ just indicated 
may be accounted for an inadequacy of the method of the experiment. 
(In this experiment, I have noticed that at the beginning of creeping 38 
individuals among 45 used a circular movement; right handed ones 22 
and left handed ones 16.) At any rate, it may be said that Batillaria 
shows positive rheotropism both in nature and in the laboratory. 

GENERAL CONSIDERATION 

It is generally stated that the movement of many animals which inhabit 
the httord zone is influenced by tide. K. MiTSUKORl (1901) who studied 
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the nature of Littorina exigaa stated that the locomotion of Littorina is 
due to its nagative phototaxis and negative hydrotaxis J. D. Haseman 
(1911) also studied on the rhythmical movement of Littorina litorea and 
says, The primary directive force rhythmical movements is the surface 
film of water. The secondary directive forces are the quiescent position of 
desiccated individuals, character of the source, moisture and food.” The 
present author (Abe, 1931) found with Acmaea dorsuosa Gould that the 
boundary line between water and air strongly affect their movements. 

The movement of Batillaria also seems to be determined by tide and 
the direction of locomotion is determined by sun light as already stated. 
So it follows that if the movement of Batillaria is determined solely by 
the two factors, sun light and tide, then it follows that the snails would 
perform a large semi-circular movement during 15 days by negative 
phototropism, and thus gradually migrate from the south part of the 
sandy shore to the north part. But in reality, the movement is influenced 
also by food, unevenness of the shore and shadow of the rocks or weather, 
consequently the theoretical semi-circular movement is much disturbed. 
Furthermore a shallow stream appears in the north part of the sand at 
the time of low-tide, and large number of them, by positive rlieotropism, 
migrate to the east part of the shore (higher part). Therefore the combi- 
nations of all these varied factors above stated tend to scatter Batillaria 
here and there on the sandy shore. 

Next, on the fact that the migration of the snails is most numerous 
on the days of half-moon than on the days of full-moon and new-moon, 
the reason is not yet clear. 

In short, it can be said that the movement of Batillaria is influenced 
primary by tide, as Haseman says on Litorina litorea, and secondary 
influenced by negative phototropism under the direct sun light, as Mitsukuei 
says on Littorina exigaa. 


SUMMARY 

1. Batillaria multiformis (Lischke) inhabits the littoral zone, and 
individuals are most numerous in the rock habitat than in the pebble 
and sand shore habitats. 

2. Method of locomotion of Batillaria multiformis belongs to mono- 
taxic direct movement, and moves by slow gliding mixed with leaping in 
regular intervals. 

3. Batillaria multiformis begins creeping soon after the tide retires, 
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and 20 or 30 minutes later, on the sand it begins to prepan^ for burying 
its body in the sand and creeps in from the head side. 

4. Batillaria multiformis do not move at the time of high-tide, and 
are found under the sand, the depth of the sand is less than three centi- 
metres, the majority being in 1 to 1.5 centimetres in depth. 

5. When low-tide occurs twice in a day lime, once in early morning 
and once in evening, a larger number of Batillaria multiformis are found 
in the afternoon low-tide than in the morning low-tide. 

6. Direction of creeping of Batillaria multiformis on the sand is 
determined by the sun light in the field by the nature of negative phoio- 
tropism, but it shows positive phototropism in the defused day light in 
the room. 

7. There are rhythmical changes in their movements and migration, 
and on the days of half-moon, the number of individuals are most numerous, 
and on the days of full-moon and new-moon, the number of individuals 
are least. 

8. Batillaria multiformis shows random movement in the dax'k, and 
shows a circular movement at the beginning of creeping. This circular 
movement appears to be due to the search for a more comfortable shelter. 

9. Batillaria multiformis shows positive rheotropism, and the great 
number of individuals are seen migrating in an upward direction of the 
shallow stream at the time of low-tide by this nalur(\ 
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